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A veling & Porter, Ltd., arrow & Co., Ltd., R yles Limited, Y #trow Patent 
ties Wai GRIPBULLDERS ARD NNGINEERS, ENGINEERS, IRLAM, MANCHESTER. 3 
and 72, Cannon STREET, Loxpon. SPEEDS UP TO 45 MILES AN HOUR. Bary Feat, ~~. oy FOR Row's W ater-Tube oilers. 
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CEMENT-MAKING MACHINERY. 


um Dia, 
SHIPBUILDERS, SHIP REPAIRERS AND ENGINEERS. 





; cA 23 MM 2ntord, [i 


CULVER STREET WORKS, COLCHESTER. 
Ow ADMIRALTY awp War Orrice Lists. 

BNGINES for Torpedo Boats, Yachts, Launches, 

BOILER FEED PUMPS. 
See Advertisement, page 33, last week. 
PATENT WATER-TUBE BOILERS, 

AUTOMATIG FEED REGULATORS. 

And Auxiliary aa as supplied to the 

Admiralty. 2 


Ey ohn H. W itson& Co., Ltd. 


Dock Roap, 
Birkenhead. 


Telegrams : 


Ene@ineers, L’Poou, 
Draeus, Vic., Lonpon. 








Locomotive Shunting Cranes. 





Steam and Electric 


ranes, 


EXCAVATORS, CRANE-NAVVIBS, GRABS, 
CONCRETE-MIXERS, 
SHIPS WINDLASSES, WINCHES, and 
DECK MACHINERY. 
6770 





London Office : 
15, VICTORIA STRERT, 8.W.1. 


[arbour, Customs and Police 
LAUNCHES. 
JOHN SAMUBL WHITE & COMPANY, Lrp., 
Shipbuilders and — 6532 
ast Cowes, 1.W. 


‘Petter Qi! aga 


Manufactured by 


PETTERS Limrrep, Engineers, Yeovil. 
_ See our Illustrated Ad ternate week, 


vt. every al 

(‘raig & Donald, Ltd., Machine 
MAKERS, Jonnsrons, near Glasgow. 

For class of Machine Tools see our a 


Advertisement every ae week. 














heet etal Citam 
Sieg Mol Se a co 


-Grascow. 6208 
SS 





team Hammers (with or 
cous tor ean tPoOTLD ans : SOILBRMAL BE BRMAK BRE 


DAVIS & PRIMROSE, —. teen toe 
Brett's Patent Le ag Ce 
Hammers, Press Presses, Fu rnaces, 

0 


Bever, Dorling & z Co., Ltd., 


bose ENGINES ror ALL PURPOSES 
also WINDING, HAULING, AIR COMPRESSING 
and PUMPING ENGINES. 1996 


a eee Steam, 
RyeRavis0 and HAND, 


sizes. 
GEORGE vt RUSseELE & ©CO., Lrp., 
Motherwell, near Glasgow. 6451 


WeldicssSt Steel ‘Tubes 














(\ampbells & Hutter, L 


SPECIALISTS IN 
Drillers & Boring Machinery 
for Engine Works and Boiler Shops. 


DOLPHIN FOUNDRY, LEEDS. 4547 





5c °¥f achts, Launches or Barges 


Built complete with Steam, Oil or Petrol 
Motors; or Machinery supplied. > Od 3551 


VOSPER & CO., Lrp., Broap Street, PORTSMOUTH. 
C ochran MULTITUBULAR AND 





CROSS-TUBE TYPES. 


Boers. 


See page 101, June ?. 


Builders of ocomotives, 
HBAVY and LIGH?T. 
All Gauges and Types. 
rtmen 


Address : Dupont 
kK. RTER ‘00., 
oon 6 Mh Batte Place, New York. 
3, London Wall Bldgs., London, England. 


Cable Address—Staraiy, New York. 6560 
New Catalogue 12 A mailed on application. 


R. Dempster & Sons, Ltd., 


ELLAND, YORKS. 











6812 


Telpherage & Conveying Plants 


See Advertisement page 23, May 24th. 
i *cavators. 


FROM 50 TO 600 YARDS PER HOUR, 


D Whitaker, 


1, Umiow Srreer, 
LEICESTER, 


ie (J ripoly i 
MACHINE BELTING 
Driving 


(jonveying 


Blevatizeg 








Sotz MANUFACTURERS 


Lewis & Tylor, Ltd., 


Wathen SOFTENING and FILTERING, 5723 
T 3.5 
G tewarts and Lords, LU td., 


41, OSW sT., GLASGOW. 
BROAD 8! sTRBRT CH ‘Cita Mais, BIRMINGHAM; 





WINCHESTER is Broap Sraeet, B.C. 
LONDON WARBHO: 167,0 pr. THAMES ST., B. c. 
LIVERPOOL WARBHOUSE—63, Pananisx Sr. 
MANCH RW. oUs —~ ty amacaae 


CARDIFF WAREBHOUSE— 

BIRMINGHAM WAREHOU: ne Nine Srreerr, 

mi are aat yr and 10, CoLEsHIL. STREET. 
Advertisement page 28. 6462 


CO? Pplenrts (proxiDR 


for Chemical & Mineral jing! Mfrs. & Breweries 
og . Salem Lté., 109, Victoria 8t., London, 
Telegra ms—* : Paloeens, London.” 


CO? Fre atigeea 


for CO! and Private Bldgs., Electric Railwa: 
Tue Barrisn Fire ApPLUANCKs Co.,Ltd. 109, V 4-4 
St., London, 8.W. Telegrams—“ Nonacid, London.” 


(jrittall. rittall. 
CHEMICAL ANALYSIS. 
Physical Tests. 
Microscopical Examinations. 
Heat Treatment & Pyrometer 
Tests. 











Sca.Le or Fees on APPLICATION. 


THE CRITTALL MANUFACTURING OO., Lrp., 
BRaInTREE, Besex. 


Chief Metallurgist, H.S. PRIMROSE. 


(rittall. rittall. 


6657 
eparators 
— FOR — 
EX 352088 my oy 
TURBIN 7. coMm- 
PRESS ATR, Ba 
STBAM DRYB 
METALLIC PACKINGS. 


rinceps & Co., 


SHEFFIELD. 








Ne Chicago Automatics. 


Three Sizes, Delivery from Stock. 
NEW CAPSTANS, 1j in, through the wire feed. 





JOHN MAONAB, Mary Srreer, Hype. 





Tel. No.: 78 Hyde. 6102 
CHANTIBRS & ATELIBRS 
ormand 


A vsstin - N 


67, rue de Perrey—LEB HAVRE 
(France). 





3890 

Dest: ~ ni Boats, Yachts and Fast Boats. 
— marine and Submersible Boats. 

N ORMAND'S Patent Water-tube Boilers, Coal or Oil 
Heating. Diesel Oil Engines. 





ank Locomotives 


__ 6450 





The Scottish Tube Co., Ltd., 


Heap Orrice: %, Robertson Street, Glacgow. 





8179 





See Advertisement page 52. 


OARDIFF. 6265 a aan ~~ on ome eoneae equal to 
Lonpon. MANCHESTER. Giaseow. R.& W, HAWIHOMN, LESLIE : & & 00., Lop., 
quo guechna P. & W. MacLellan, Limited, 
[tubes and KF ittings. OLUTHA WORKS, GLASGOW. 
aC ar ee 6145 ACTURERS OF 


Mayovur 
RAILWAY CARRIAGES AND WAGONS, 
OF EVERY DESCRIPTION. 


RAILWAY IRONWORK, BRIDGES, ROOFING, &c. 
Chief Offices: 129, Trongate,Guasaow. Od 8547 
Registered Offices: 1084, Cannon §t., London, H.C. 





Critical Range Determinations. | _ 


Wrannow s do, peg te Guiaseow. 
john ellamy Limited, 


MILLWALL, LONDON, B. 
GeweraL ConsTRUCTIONAL ENGINEERS. 1916 
Boilers,Tanks & Mooring Buoys 
Srruais, Perron Taw AIR 
CHIMNEYS, irvaerse Besam 
Pipss, Hoprxns, 





and vontiouene 
Sproiat Wonk, Repars oF 
ALL KINDS. 


RAILWAY AND TRAMWAY ROLLING STOUK. 
He Nelson & (o, L 4. 


Tue Giascow Routine STook AND PLANT bt 4 
_MOTHERWELL. 


He4: Wrightson & Ce 


LIMITED. 


See Advertisement page 46, June 7, 


Matthew pa & Co. [Le 


Lxvexroxp Worxs, Dumbarton. 6054 
See Full Page Advt. page 58, May 31. 


r[\aylor & (Shallen 


Presses. 
8196 


TAYLORACHALLEN, Lp., Engineers, Bramivanam 
Ses Full Page Advertisement May 31, 


‘&- as Vinee: 8. 








THOMAS SUMMERSON & SONS, Lrp., 
DARLINGTON, 6209 


Ahi pe te of labour. Ne noise, day No 
Sache 20 ft. clear of vessel.—. » 
tacts auBurveyors, ry S Biiliver ides Mplliiter B 
an ee t. 
London, B. - Od 4888 
GOLD Se Re EXHIBITION-AWARDED. 


Duckham’ 8 Patent i ab ne 


HING MA 
ROAD BNGINEDRING Wouns 00 co. 
Lonpor, an _ = ange ym Oranes, Grain 

lus, Advt. last week, page 15. 


Rabber 


Valves ani Packings 








SM 


GUTTA PEROHA & RUBBER, LIMITED. 
Toronto Oanada. 6702 


. - 





A jenitntionn: 


PowpEr. 
orma’ 


PAINT, 
108, 


PYROTECHN 
EXPLOSIVES, 
PRINTING, &0 
THE BRITISH ALUMINIUM OO., Le. 
109, Queen Victoria St., London, B.C. 4, 


B.* 8. See 
Be" a S Gomes 





os 
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Giemens Brothers & Co., Ltd. 


The ORDINARY GUNBEAL MEETING was 
held on caer, the lth lostens at Winchester 
House, Old Broad Street, Mr. RE RiTCHIB, 
the Chairman, presiding. 


The Chairman said that during the fy. year the 
Company had adhered to its past and the 
volume of the business — of 1916 
about one-third, he expansion _ output 
ia ‘noo wires and cables, 
ebonite and bat In regard to the develop- 
ment of automatic telephony, which the Company 
foresaw eho the War, the Sonne goby  cnoongy > 
tin the oman exchange nm de- 
- and al —— Cioulsies 
per et "end they were equipped ¢o provide 
exchanges for pu service, and also private 
exchanges of 25 to 500 lines. Notwithstanding the 
demands of War-work, they had completed a semi- 
automatic exchange of 1,060 lines at Port Adelaide 
for the Commonwealth of Australia, and a full 
cog yy exchange of 1,300 lines at Grimaby for 
G.P.O., while good ress made 
with @ fall automatic exchange of 950 lines for 
Stockport, also for the G.P.O. Many private ex- 
changes had been established in munitions 
factories, and had given every satisfaction. 


After speaking of the cordial relations existing 
between the Company and the work people, the 
Chairman went on to say that the year’s profit of 
£208,624 showed substantial increase over that of 
1916, due to the very mach larger volume of busi- 
ness done. An interim dividend of 10 per cent., 
free of Income Tax, had been paid, but no further 
distribution for the year 1917 could be considered 
until the Government claim for excess profits duty 
had been adjusted, 


The Balance Sheet showed £761,524 for materials, 
manufactured ‘ogee and work in hand. This was 
more than double the pre-war amount of £377,385, 
the increase being due entirely to the 
expenditure on orders in hand, whic 
December exceeded ia value £1,500, 000, 


An important asset was the holding of the entire 
issued capital of Siemens Bros. Dynamo Works, 
Ltd., namely, £200,000 in shares and £200,000 in 
debentures. At the —— of war the share 
capital of Siemens Bros. & Co., Ltd., was £600,000 
with £150,000 of 4 per cent. debentures, nearly all 
the shares aud about one-thirt of the debentures 
being held by Germans. Moreover, the German 
shareholders had supplied funds to meet the capital 
requirements of the growing businesses of the two 
companies. hen war , the entire German 
interest in the shares and the additional capital 
referred to was vested in the Public Trustee, bom 
took Gene to realise it by sale toa British bi 
and on l4th December, 1v17, the ahors capita “ot 
cones Diag & Uo. was 5 purchased 
The contract 





wth of 
at 3ist 


Messrs, ©. B. 
ua 8 vided | or the issue to 
ablic Trustee by the npany of £1,330,000 of 
afi per cent. debentures to provide for the repayment 
capital (other than share capital), and the par- 
ae: tion in the 44 per cent. debentures employed 
¢ business by the former German owners ; and 
vty Public Trustee had a right after the conclusion 
of poace to call for the redemption of these deben- 
tures on one year's notice. Subject to such 
arrangement, they were redeemable by annual 
drawings calculated to extinguish the whole in 25 
years from the date of issue. 


Following this arrangement with the Public 
Trustee the Board was reconstituted, and now 
consisted of Mr. G. Mure Ritchie (Chairman), Sir 
William Bull, M.P., Sir Clifford Cory, M.P., 
Queenborough, Mr. H. J. Thomas and Mr. G. 

hauvin — ing Director)... The new Board had 
devoted attention to oe beg mgt concerned 
with the dev into a great 
national manuttcsariog asset, leaving | little time for 

of a rearrangement of the 
share ca: ital. “rhe Board, however, recognised 
afivisability of changing the capital arrangements 
so as to establish equilibrium between share capital 
and debenture debt, and at an early date the done 
holders might be asked to approve a scheme for 
parviry my * the share capital te 21,500,000 (or even 
more) in £1 shares, of which a substantial portéon 
would remain in reserve for future developments: 
but as to £100,000, if issued for cash, the proceeds 
would be available for the retirement of a corre- 
sponding amount of debentures. If the matter 
were carried through on the lines thus indicated, 
the joint concerns—Siemens Bros, & Co. and Siemens 
Dynamo Works—would be represented by an issued 
share capital of 21,000,000, with £150, of 4 per 
cent, debentures and about 21 ,000,000 of 4} per cent. 
debentures, the latter being “held by the — 
Trustee, These readjustments were all subj 








the 


af 

of Steam. 9, Mount 8 

Chief : Cc. Es. : STROMBY ER, “MLO. E. 

Founded 1864 by 8ir WILLIAM Farrpasen. 

Certificates of Safetyissued under the Factory and 
= Act, 1901. Cempensation for 

ties paid in case of Explosions. Engines 

eo Boilers inspected during constructien. 6661 


London Association of 
. FOREMEN ony aan 
Kstablished 





ata 


and 
Prete 


DARLINGTON COUNTY BOROUGH. 
TECHNICAL ‘AL COLLEGE. 
al of Technical) {a 
B WANTED. 
um. Candidate 
a oDrthiel ih University, with s 
Ph and Bngi 
ical n in 
Forms of application may be 
, and must be returned not later than 
July oe 1m. 


A. ©. BOYDH, L149 
Education Office, Darlington, Secretary. 
June, 1918. 


re Tis and Tool Draughtsman 





Copable, Working Bagines 


10 beds, 100 100 100 older “State age and fu full partic 


wi 
ECRETARY, Warneford Peamt ire, 4 
767 


ineer 
appa- 





for General Engineering work in Control! 
Establishment.—No one already on Rawermenens 


work need apply.—Apply, full particulars 


EMPLOYMENT BX! sky sequined, any 





Foremen, and bcguees 
with the Bn Industry. 

MONTHL NGS are held at the Cannon 
Street Hotel, B.C. 

Membership 1 residents in London 


J ; HARRINGTON, K6é 
Road, Harrow, Middlesex. 





[the Seonel of the Ohartered yg ore 














INSTITUTE of PATENT AGENTS by s 
resolution of the 4th day of Jume, 1918, hereby 
authorise Fellows of the Institute to make, as from 
the 30th of June, 1918, an additional charge of 10 per 
cent, on the scales of fees recommended by the 
Council, to cover the additional expenses they have 
to incur in consequence of the war. 
H. HOWGRAVE ts. 
nd Registrar. L 734 
[the Wiseman aad Withers 
pate pre open to Engineering Students 
under 26 years of age and of the value ‘oF £100 per 
annum for three years, tenable at the Imperial 
College of Science and Technology or other = 
of Higher Bducation, will soon become vacant. 

Ap fons should be sent to the CLERK, 
WISEMAN anv Wrruers Fownparion, The Woolwich 
cca R ya 18, from whom further is | and 
[pst ~O. E., L Mech.E., BSc.,|_ 

hg ag s.—Mr. G, P. 
KNOWLES. C.B., F.8.1., 
x. R.Sen.l., PREPARES Of GANDIDATES pereenailly 

Hundreds of successes. 

Soussen sna: may consmence at any time.—39, Victoria 
St.. Westminster. §.W. 8789 
A M.LC.E. and A.M.LM.LE. 

e Tuition. Also Postal mpg arene mages 

en , Airoraft Design « ematics.— 
P INGTONS, 264, Oxford Koad, Manchester. 





TENDERS. 
TO MARINE ENGINEERS AND OTHERS. 
The MBTROPOLITAN AS} ae BOARD iavite 


[lenders for Ope Opening Out and 
CLOSING UP the GIN BOILER and 
io MACHINERY of the River Ambulance 
“ Albert Victor,” now tying at South 
What’! wun. ¢ ~ -, in accordance with specifi- 
cation pre fT. Cooper, M.Inst.C.B., 
M. L Mesh. , Bo ee oped The specification 
and form of tender may me eareees at the Office 
of the Board, Embankment, H.C. 4, on and after 
Ten a.m. on itth Jane, and the specification and 
form of temder can then be obtained. Tenders. 
addressed as noted on the form, must be deliver 
at the Office of the Board o- later than Ten a.m, 
on W: pater. 26th June, 1918, 
(By Order) DUNCOMBE MANN, L178 
10th June, 1918. Clerk to the Board. 


THE MEXBOROUGH AND SWINTON 
TRAMWAYS CO., are prepared to receive 


(fers for the following Boilers 
and MACHINERY :— 
One Davy Paxman Boiler, 14 ft. by 8 ft., 5000 Ibs, 
evaporating capacity, insured for 160 lbs. working | ,. 
ete pew complete with usual seg = and under- 
mechanionl stoker in good cond! 
"Two Boilers, as above, but without wn 
Various lengths of steam, exhaust, and feed water 
Piping and Valves. 
Ft sed of Weir's Boiler Feed Pumps, capacity | pert 
1600 gallons per hour ast 160 lbs. pressure. 
One Induced Draught A 6 ft. diameter, by 
Heenan & Froude, motor drive 
Three Davy Paxman 2 ee op “speed single ong 
to 











the consent of the Authorities concerned, but he 
could go so far as to say that, as the Board of Trade 
wished the Company to be so assistec’ as.to ensure 
ite future ex ——_ in British hands, they were 
justified in be thats 
would be pong e Authoritieate their 
for the finan: reconstruction of the Selpead 
when they were put forward 


Dealing with Siemens ary Dynamo Works, Ltd., 
entirely owned by Siemens Bros, & Co., the Chair- 
man said that the turnover in 1917 increased in the 
United Kingdom and decreased overseas, as com- 
gaeot with 1916. The value of unexecuted orders on 

ist December was 21,145,000. Siemens Bros. & Uo. 
and the Dynamo Works had purchased £50,000 of 

ar Loan, and had provided several thourands of 
unds to give Some assistance to War Savings 
lations for the workpeople. 


Since the éntry of the new directors into office, 
negotiations had been ina with other com- 
panies doing similar industrial business with the 
Sefest of bringing such manufacturers together for 
the reduction of unnecessary competition and the 
avoidance of duplicating machinery, workshops and 
offices. Co-operation would make for the more con- 
tinuous running of plants with the ae 
advantages of chea juction, increased 
efficiency and im; quality of the work done, 
avoiding onnecessary in ling 
organisations, and reducing the dupltontion ° 
stocks to a minimum. An even more im nt 
advantage aimed p} = the 
designing offices and 
designs and methods to rs 
and efficiency. Such 
moreover, make 








it 


Cc d kngines, 4 
shunt wound generators, and giving this Be vod at 
500-550 volts, 


One Jet gy capable of dealing with 7500 
lbs. water per h 
Also the following Direct Current Motors :— 
One 4 HP., 500 volts, 500 r.p.m 
One 4 HP.., 460 volts, 850 r.p.m. 
One 5 HP., 460 volts, 860 r.p.m. 
One 5 HP., 460 volts, 1200 r.p.m. 
aa 12 HP., 500 volta, 860 r. p.m. Protected type. 


Plant can be ae at the Seeentng | Station 

of tbe rth the Hagin Road, Rawmarsh, . 
ment with o to that Station. ° 

be made for the t as now standing to nthe 

SECRETARY, 62-63, Queen Street, London ax 4. 

Lia 








APPOINTMENTS OPEN. 
UNIVERSITY OF HONGKONG. 
APPOINTMENTS IN THE FACULTY OF 
ENGINEERING. 





The Council of the University 
Reauire the Services of :— 
(a) A PROFESSOR of Hiectrical neering. 
#2600 per annum, with q oran 
allowance of £100 per annum. Five yeare’ 


2) “Fw eveees mi) phe Mechanical 
ive years’ agree- 











tag ot TECHNICAL Ceaee: 
inctpal J. F. _ Buress, M.A., B. 


Mebesios: Engineerin 


INSTRU and DEMO 
STRATOR sagt RED in September. ‘Commene- 


her particulars on 8 L 155 
< THORY, Secretary. 


ccountant. Large Firm of 

Machine Tool Importers in Italy ROQUIES 

the SEKVICES of first-class Accountant with 

thorough knowledge of Italian business ethene. 

Must be able to speak Italian 5 No person 
aweeey on Government work will engaged.— 


ptt; Ont ie ~ male gp required, 
our nearest BH 
CHANGE, as joning No, A 5472. 


Ltyronen Assistant required | Daa 
Controlled Hiectrical Engineering Firm in 
: Say Soares or haar gr 
Midlands Magneto investigatio: 

seperinnce No already on Coversonted « wor! 
will ~ Apply, ny age, qualifications 
your nearest EM- 
YMENT EXCHANGE.) Gusting No. A 5501. 


PReauired by London Instru- 


ment Manufacturers an experienced MAN, 
with ambition, TO TAKE CHANGR of an Auto- 











and | positions offered to suitab’ 





E, quoting No. A So. 
ke perienced Aero Engine 
DRAUGHTSMEN, of aosiening 
P oaty ghrnn's a * North M Midland ero Fuctory 

Good position and salaries to suitable a; ts. 
No person already on Government work will be 


your —* EMPLOY 
Giohanaw wx mentioning No. A 5465. ex 
Civil Engineering 
DRAUGHTSMAN WANTED for 
all-round work. Ineligible for General 
et Service.—State qualifications, experience 

™sOeiiieren pina CIVIL ENGINEER, 
H.M yard, Portemouth. 

664 








rge Ai ft F 
= A x ia 1g ar ghchrlpaet Mg 


RKQUIRE a number of Detail 
DRAUGHTSM N wate first-class aeronautical ex- 
perience. Exceptional op: nities and permanent 
men. Noone at present 
engaged on Government work or resident more than 
10 miles away need re to BOX 480, Sx.1s, 4 
168, Fleet Street, B.C. 4 : L 663 


ughtsmen for Aeronautical 
work REQUIRED immediately for Midlands 
eae knowledge desirable, but not ———. 
one en Government work eligible—Apply to 
your nearest EMPLOYMENT MXCHANGH 
quoting reference No. A 5335. 








matic Shop, Cleveland, Potter & and 
small capstans. Tool making and setting. ‘utate 
experience and wages desired. No one already on 
Government work will be engaged.—Address, L 772, 
Offices of EnatrEerrine. 


KINGS COLLEGE HOSPITAL, LONDON. 
(44h Loxpow GENERAL HospPirat,) 


anted, a Chief En gineer, 


te ouperintend the fre of the 
engine ont electric plant, also the building of King’s 
College 4 tal. It is essential that he shall have 
a thorough knowled as Diesel engines and a good 
general knowledge o! neering and the direction 
of the staff in the coven departments. 

The salary offered is at the rate of £400, to 
2500 by an annual iacrement of £25 per annum, and 
in addition a war bonus of 124 per cent, 

Applications, ues spoons qualifications, should 
be forwarded to t! RETARY, King’s a 

Hospital, Denmark Hill, 8.B. 5, by Wednesday, 19th 
June, 1918. 

By order of Committee of pmoguaen. 

RICHARD J. Cu 


Ith June, 1918, L151 








Filectrical ec Atemen 
REQUIRED immediately for diagram, laye 
out, and record work, controlled establishment 
with large H.T. .T. phase A.C. system. 
Good wages and prospects for suitable man to 
ged for permanent post as Assistant Engineer. 
o one aneiye = Government work will be en- 
eee Aabaly . nearest EMPLOYMENT 

CHAN K, andl oning No. A 5450. L 737 


A Draughtsman is Required 
bya Fab engineering works in the Midlands. 
Experience in mechanical or structural work is 
essential, and a know! of crane work is desirable. 
Age, sa required and full details of nese 
should be given in applications, which must 
made through your nearest EMPLOYMENT EX. 
CHANGE, quoting No. A. 5435. No one at present 
employed on Goverament se will be engaged. 
718 


pt ghtsman (Mechanical 


Engineer), WANTED, on Tyneside, ac- 











"2 cect vee Engineer for 
e industrial gn wi 20 miles of 
London. Plant aiter is new and 
modern, eabeiping al spent improvements com- 


prising conveyin; fem h — sedeunte bevel 
steam and weer, power f ts having 
pre 8 experience with Slant arene contine- 
ously 168 hours per week will receive s 

sideration. 
opesate 8 


pecial con- 
Ex eed pen nnn allied technologists 
departments. Salary commen- 
surate with experience and ability of applicant.— 
Ap tions, stating full particu of traini 
other experience, to be sent to L 762, Offices o 
ENorwernine. 


Capable, Well-educated Engi- 


EER, with tnitiative and practical ex- 
enee, to assist in important experiments with 
Brest et Injection High Compression Oil Bngines. 
Marine experience an advantage but not form 
prospects for the right man. 
full expertence, age and 





salary utred, 
No person yg A on ge mg ork wil be 
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INDUSTRIAL JAPAN. 
Coat, Iron, STEEL AND SHIPBUILDING. 


Wir ample supplies of coal, iron ore, copper 
and tin, an advantageous geographical situation, 
magnificent harbours, a favourable climate, an 
energetic. and adaptable population, and an 
exceptionally businesslike Government, Japan is 
rapidly becoming one of. the world’s leading 
industrial countries. 

In the first place, the already proved coalfields 
of Japan contain, at a moderate estimate, 
2,000,000,000 tons, mostly of a bituminous quality 
which will make very good coke. Before the war 
an annual output of more than 15,000,000 tons 
had been attained, at a pit-mouth price of less than 
10s. a ton, and good Japan “lump” was being 
supplied at several coaling stations in the East 
at about 14s. a ton. The coal seams vary from 
3 ft. to 25 ft. thick, and are mostly well situated. 
Many of the seams are worked by incline, though 
several shafts have been sunk during the last few 
years, some to a depth of 1,000 ft. One mine, the 
Manda, with a shaft 896 ft., has a daily output of 
more than 1,000 tons. Nearly all the cutting is 
done by hand, but machinery is being introduced 
as rapidly as circumstances permit. In the north, 
in the island of Hokkaido, there is an extensive 
coalfield with 13 seams, the thinnest of which is 
3 ft. thick. In the same island a field with 20 seams 
has been discovered, of which at least five are 
workable, whilst in still another district there are 
three excellent seams, one of which is 25 ft. thick. 
In the south, in the island of Kyushiu, the coal 
measures are at least 30 miles long, by 8 miles to 
16 miles wide, and were estimated ten years ago to 
contain 600,000,000 tons. By the way, it may be 
mentioned, that in spite of a restricted employment 
of machinery, the output of the Japanese. coal 
mines, per man employed, is just about equal to that 
of this country, viz., 250 tons a year. There is 
every prospect of a rapidly increasing production, 
ample to meet all the needs of Japanese industry, 
and to allow of substantial exports to various 
Pacific and Indian Ocean coaling stations. 

There seems no comprehensive estimate of the 
iron ore reserves of Japan, but some very rich and 
extensive deposits have been found in the south- 
west, near the port of Sakai, about 100 miles from 
Osaka, and a similar distance from the coalfields 
of Kyushiu. Considerable deposits have also been 
located near the ports of Miyako and Minato, in the 
north-east, as well as in the central districts near 
the goldfields which lie between Tokio and the 
West coast. But so far, Japan has relied almost 
entirely upon iron ore imported from China. The 
mines on the Tayeh have supplied more than half 
the iron ore consumed in Japanese furnaces. This 
ore, which yields a remarkably high percentage of 
iron—50 per cent. to 65 per cent.—and the supply 
of which is practically inexhaustible, is brought 
from the Pinghsiang mines, about 200 miles up the 
river Tayeh, down to Hankow in steel lighters, and 
then shipped in larger vessels to Japan, via the 
Yang-tse-Kiang and the Yellow Sea. Incidentally 
it may be mentioned that pig-iron and steel and 
various steel products are made at the Hanyang 
iron and steel works, 600 miles up the river. Besides 
drawing fully half its ores from China at the present 
time, Japan is importing considerable quantities 
from Korea and Manchuria. About half the proved 
Teserves of ore in China are controlled by Japanese 
capital, and another syndicate is negotiating for 
control of iron ore lands in the province of Nankin. 
In ordinary times the freightage on the ore from the 
Yangtse to Wakamatsu was about 3 yen, or 6s. per 
ton. Ten years ago the cost of producing pig-iron in 
Japan was very nearly 51. per ton, and steel ingots 81. 
A little time before the war the cost of pig-iron 
production had been got down to about 2I. per ton. 
Whilst making arrangements for increased importa- 
tions of ore, Japan is preparing to utilise its own 
Teserves on a considerable scale. It is believed that 
the island of Hokkaido will become an important 
inon-mining and smelting district. Japan also 
possesses large reserves of more valuable ores. 
More than 5,000 tons of chrome, 10,000 tons of 
manganese and 37,000 tons of copper ore have been 
raised in a year. 





As recently as 1907 Japan produced only 43,000 | 


tons of. pig-iron and 4,500 tons of steel in the year. 
Last year the production was about 500,000 tons of 
pig-iron and 750,000 tons of steel—an increase of 
50 per cent. over that of 1916, and it is estimated 
by the Government Mining Bureau that in 1918 
the production of pig-iron will reach 745,000 tons, 
and that of steel 1,155,000 tons. Great efforts 
are being made to increase the supply of ship- 
building materials. Last year Japan imported 
250,000 tons of ship plates, and 50,000 tons of rails, 
from. the United States. The supply was much 
below the demand of the shipbuilding yards, and 
to-day scores of building berths are empty for want 
of bars and plates. Before the war Japan, was 
importing nearly 5,000,000/. worth of steel annually. 
In 1909 it was stated in a Government document 
that “ As regarded the home supply of shipbuilding 
materials great hopes were entertained that their 
builders would before long have ample supply of 
the necessary materials from the Imperial Steel 
Works at Wakamatsu, and thus be freed from the 
disadvantages of importation.” The history of 
these works is interesting. The initial outlay was 
unnecessarily heavy, and that has handicapped the 
enterprise ; but the Government has pushed on 
with the business, Ten years ago. the plant was 
employing 7,000 men, and comprised three blast 
furnaces, with a combined daily capacity of 450 tons 
of pig-iron, three Bessemer converters of 10 tons 
capacity each ; a 160-ton mixer and three cupolas ; 
cogging, rail, bar, rod, plate and sheet mills ; 
crucible steel plant ; wire-drawing plant ; galvanis- 
ing and corrugating plant ; boiler, engine and bridge 
shops. Rifles, heavy artillery and big guns for 
battleships were also being made. Since then the 
works have been extended, and new Government 
plants have been erected at Mororan and Kure. 
The principal plant is being further extended under 
a scheme estimated to take five years to complete. 
The Kure Dockyard is being equipped with new 
boiler-plate rolling mills. The Government is also 
making extensions at Edamitsu with a view to pro- 
ducing 120,000 tons of plates annually. 

Private enterprise, with State encouragement, 
is also making strenuous efforts towards the | 
industrialisation of Japan, and it is hoped to attain 
a production of more than 2,000,000 tons of steel 
a year before 1920. The Japan Steel Company, 
now the largest of private concerns, is doubling its 
capital of 1,500,000/. in order to extend its works 
at Muroran, in the Hokkaido. The Mitsu Bishi 
Dock Company, one of the chief shipbuilding con- 
cerns, has started a steel works of its own in Korea. 
The Kawasaki Dock Company has built plate and 
bar mills at Kobe. The new Asano Shipbuilding 
Company, of Tsurumi, is laying down a rolling mill. 
The Toyo Seitetsu Kaisha, capitalised at nearly 
3,000,000/., has purchased an extensive site in 
Kyushu for a new plant, commenced in April, which 
will bring the iron and steel-making capacity of this 
company up to a rate of 170,000 tons a year. The 
Toyo Kisen Kaisha, which is extending its ship- 
building yard, has formed a subsidiary company to 
erect two steel-making plants—one at Chinnanpo, 
in Korea, at a cost of 1,000,0001., and the other in 
Japan, near Yokohama, at a cost of 500,000/. 
These two plants are designed to produce, between 
them, 250,000 tons of shipbuilding materials 
annually. Another syndicate has purchased land 
at Mansok-dong, Chemulpo, Korea, for an iron 
and steel works. The Fuji Seiko Kaisha has been 
floated with a capital of 600,0001. What is described 
as a “ gigantic project,” by the well-known Kuhara 
family, is being started in Osaka for the manufacture 
of iron and steel. New steel works are also about 
to be erected at Kurosaki, in Hakata Bay, designed 
to. produce and work up into steel nearly 500,000 
tons of pig-iron a year, besides which the concern 
will import pig-iron from the famous Hanyhaing 
Works, in China, and is promised 60,000 tons a 
year from the Imperial Foundry. Half the 
capital is being provided by Mr. Keiichiro Yasu- 
kawa, the well-known Kyushiu mine owner, and 
the other half by shareholders of the Hanyhaing 
Company. 





Besides these enterprises chiefly concerned with 
the supply of shipbuilding materials, there is the 
newly-established Japan Steel Pipe Company, with 


works planned for an annual output of 60,000 tons, 
whilst the South Manchurian Railway Company is 
starting a steel works in Manchuria, and a group of 
smaller concerns are going in for the manufacture 
of steam and water turbines, steam, gas and oil 
engines, traction and industrial motors, electrical 
goods, general tools and implements. The British 
Embassy at Tokio recently reported the passing 
of a law, to come into operation at the beginning 
of September last, having for its object the encourage- 
ment of the iron industry in Japan. Its main pro- 
visions are: (1) That iron and steel works with an 
output of not less than 35,000 metric tons per 
annum will have the right to expropriate property 
on which it is necessary to locate works; and 
(2) that works turning out not less than 5,225 
metric tons per annum will be exempt for eleven 
years from business and income taxes, and from all 
forms of prefectural, local and municipal taxation, 
as well as being allowed to import free of duty the 
machinery, &c., required for the works. This law 
has resulted in the launching of a number of new 
undertakings. Supplementary regulations provide 
that an iron works which is entitled to the various 
benefits. must be a business connected with the 
production of pig-iron, steel, rolled steel (including 
rails and fishplates), materials for making forged 
or cast-steel manufactures, or such by-products as 
are indicated by the Minister of Commerce, The 
Imperial Railway Board recommends the con- 
struction of 1,135 miles of new railroad, at an 
estimated cost of 18,000,0001. 

Meantime, an association of iron and steel 
importers has been formed in Japan with a view 
to securing the necessary supplies for the iron, 
steel and shipbuilding trades, as the home suppli 
are still so inadequate. It was recently stated on 
high authority that no fewer than 113 shipbuilding 
berths of various sizes were unoccupied in Japan 
for want of materials. The Japanese Government is 
also making urgent representations to the United 
States to relax the recent embargo on exports so far 
as shipbuilding steel for the Japanese is 
concerned. The plans of the 48 chief shipbuilding 
yards provide for the construction, this year, of 
about 100 merchant vessels, aggregating 800,000 
tons, but unless increased importations of ma 
can be secured it is doubtful whether more than 
500,000 tons will be completed. 

Japan’s mercantile marine now well exceeds 
2,000,000 tons. The official figures for the end of 
1916 gave 2,170 steam vessels, aggregating 1,704,785 
tons, and 9,187 sailing ships of 572,403 tons. In 
1916 the Japanese yards completed 250 merchant 
vessels of 246,000 tons—more than twice the 
tonnage attained in any previous year—and when 
the figures for 1917 are available it will be found 
that the 1916 output has been much exceeded, in 
spite of the great difficulties in the way of importing 
materials. 

Japanese shipbuilding, like the steel industry, 
owes much to State assistance. As recently as 
1894, only 84 steamers of 1,000 tons or more were 
owned in Japan, and of these only one had been 
built in that country. But in 1896 the twin trades 
of shipping and shipbuilding received a great 
stimulus by the enactment of the now famous 
Shipping and Shipbuilding Subvention Law, which 
became operative in 1897.. In the last year pre- 
ceding the payment of subsidies the total output of 
Japanese yards was only 5,860 tons of steam and 
1,061 tons of sailing (ocean-going) vessels. By 
1900 the tonnage launched had increased to 15,380 
steam, and 17,873 sailing. For 1913, the last 
year before the war, the total output was 63,664 
tons, nearly all steam. In 1914 the tonnage was 
85,861 ; in 1915, 106,388; in 1916, 246,000; and 
last year something considerably over that tonnage. 
For 1917 the vessels completed under the terms 
of the Subsidy Law—that is, ships of not less than 
1,000 tons—numbered 69, with an te tonnage 
of 299,684 tons. It is estimated that with small 
craft, together with wooden ships cf 1,000 tons or 
more not entitled to subsidies, the total output for 
the past year will have been at least 400,000 tons 
On January 1, 1918, there was under construction 
in Japanese yards not less than 1,330,000 tons, 
though building was being delayed through shortage 
of materials, and many berths were empty. Japan 








654 





ENGINEERING. 


[June 14, 1918. 








now ranks third in tonnage built, and fifth in, 
tonnage owned, amongst the world’s nations. 

Under the Subsidies Law the output of the yards 
increased from 13,000 tons in 1897 to 78,000 tons 
in 1908, the subsidies in respect of both shipping | 
and shipbuilding having increased in that period | 
from 1,944,000 yen to 13,166,000 yen. In the next 
year, 1909, the output} declined to 55,000 tons— 
a decrease of 23,000 tons on 1908. That was 
considered unsatisfactory, and a new Subsidies Act 
was carried, This came into force at the beginning 
of 1910, and the twin trades received a fresh 
impetus. The new law was framed to give smaller 
subsidies in respect of navigation, or shipowning. 
but more liberal terms in respect of the building of 
large vessels. Bounties of from 11 yen to 22 yen 
per ton of gross measurement were paid in respect 
of steel ships of not less than 1,000 tons, according 
to type, with an additional bounty upon the engines 
of 5 yen per indicated horse-power. Under the old | 
’ law the bounty was a round 20 yen per ton for 


Imperial yard at Nagasaki became the private 
property of Baron Iwasaki, and is now known as the 
Mitsu Bishi Works. When it was denationalised 
in 1884 it employed 800 men, after twenty-seven 
years of State control. When the present war 
broke out it employed about 10,000 men. Last 
year this company launched 10 steamers ranging 
from a tonnage of 3,163 to 7,317. At the beginning 
of this year the firm had 13 steamers of an aggregate 
tonnage of 63,000 on hand. Before the recent 
war-time extensions, the principal yard of this 
concern covered 115 acres, it had nearly 1} miles 
of water frontage, three dry docks of 350 ft., 510 ft. 


,|and 714 ft. in length, a patent slip 750 ft. long, and 


seven building berths ranging from 185 ft. to 700 ft. 
long. Ten years ago this firm built two of the 
finest turbine passenger vessels of the day. The 
company has another yard at Kobe. 


The principal yard of the Kawasaki Dockyard 
Company, at Kobe, like that of the Mitsu Bishi, was 
originally founded by the Government, but sold into 





vessels of not less than 700 tons gross. 
The new law aimed at the maintenance, or 


private hands in 1886, and subsequently passed 
to the precent ownership in 1896. Until about 


development, of certain specified trade routes, and | ten years ago only torpedo craft and small gunboats 
the encouragement of larger and faster ships.{were built here for the Japanere and Chinese 


It left the Minister of Communications discretion 


if they were of less than 12 knots speed, or were | 


J 


to refuse bounties to vessels of less than 3,000 ton 


employed upon undesirable routes. He was also 
empowered to grant increased rates of bounty up 
to 25 per cent. on the base in respect of vessels run 
on trades which might not be profitable, but which it 
might be specially desirable to maintain for Imperial 
reasons. An age limit was also imposed; and 
speed was considered. Ships built of steel in Japan, 
and owned in Japan, of not less than 3,000 tons gross, 
of not less than 12 knots per hour, and not more 
than five years old, were subsidised at a rate of 
50 sen—that is, half a yen, or about 1s.—per ton 
per 1,000 nautical miles run. For every knot of 
speed beyond 12 per hour there was a bonus of 10 per 
cent. on the base bounty. On the other hand, 
when a ship exceeded five years of age, there was a 
5 per cent. reduction for every year until fifteen 
years were reached, when the subsidies might be 
withdrawn by the Minister of Communications. 
The Minister was also authorised to grant subsidies 
at half the ordinary rates to foreign-built vessels 
if he thought fit. In the twenty-one years in which 
the Subsidies Acts were in force the amounts paid 
totalled 160,000,000 yen—say, 16,000,000/. Recently 
—with the shipowners enjoying abnormal profits on 
account of the war, and in view of the high prices 
they are prepared to offer for new vessels—a new 
law has been carried suspending the payment of the 
subsidies in respect of the building of ships. The 
Osaka} Shosen Kaisha, owning} 378,000 tons of 
shipping, and with a paid-up capital of 3,106,2501., 

a profit of 1,834,724/. for last year, after 
allocating 121,5001. to the insurance fund, 162,000/. 
to the repair fund, and 101,000/. for depreciation of 
the fleet. Generally the profits of Japanese shipping 
have been, to quote The Financial Review of Reviews, 
“ immense.” 

Regarding the rapidly increasing shipbuilding 
resources of the “ Britain of the East” it may be 
mentioned that the country has about 120 berths 
capable of taking vessels of 1,000 tons or more. 
The capacity has beem increared threefold since 
the war started. Perhaps the most notable of the 
Japanese shipyards is the one on Nagaeraki Harbour, 
founded by the Government in 1857, but sold to 
a private capitalist in 1884. Shortly after the 
establishment of this State enterprise two or three 
yards and engine works were started by private 
people, but little or no financial success was met 
with. In 1868 the Imperial yard was placed under 
the management of an Industrial Department 
specially formed for the purpose. This body went 
in for merchant as well as naval building. Then 
a second Imperial yard was started at Kobe, and 
the best of the private plants were nationalised. 
The builders of fishing and other small craft tried 
to approach the Western style of construction, 
but the financial results were mostly disappointing. 
As mentioned above, in 1894, out of 84 Japanese 
steamships of 1,000 tons or more, only one had 
been built in Japan. But the Subsidies Law 
changed the situation. However, in 1884 the 


Governments, but in 1908 two merchant vessels, each 
of 8,600 tons, were launched. On the eve of the 
war this yard had a frontage of nearly a mile, and 
four building berths of from 400 ft. to 600 ft. in 
length, besides several for smaller craft. The 
company built its own steel foundry about ten 
years ago. Last year this concern launched 
21 steamers of from 1,570 tons to 9,400 tons. It 
has just lately built a new plate mill. Perhaps 
third in rank of capacity is the shipyard known as 
the Osaka Ironworks. This was founded by an 
Englishman, Mr. T. H. Hunter, in 1880, and was 
still owned by him less than ten years ago, and 
for anything the writer knows to the contrary 
Mr. Hunter is still living and controlling the yard. 
‘The concern comprises, besides the principal yard 





jat Sakurajima, covering 16 acres, with a water’ 
frontage of 1,000 ft., and three dry docks, engine | 


\shops at Ajikawa Guchi, and repairing works at 
Temposen. Last year this company built 19 ships 
of from 1,212 tons to 7,789 tons. Altogether there 
are over 200 shipbuilding and repairing yards in 
Japan, though most of them are limited to the 
construction of fishing and other small craft. 
About a dozen can build modern, ocean-going ships. 
Besides the three companies just named, mention 
|may be made of the Uraga Dockyard Company, 
| which launched eight vessels of about 8,000 tons 
/each last year; the new Ansano Company, seven 
iships of about 900 tons; the Yokohama and 
Fuginagata Companies, which launched several 
vessels up to 3,000 tons. Of the four Imperial yards, 


accommodation for the construction of the largest 
battleships and cruisers, whilst the Sasebo and 
Maizuru yards are specially adapted for the building 
of smaller types of war vessels. These four yards, 
needless to say, are furnished with every appliance 
necessary for the rapid handling of materials. At 
Kure is the Imperial Arsenal, with its armour 
plate and big-gun shops as well as the shipbuilding 
yard. At Sasebo there are three huge dry docks. 

A notable development in the Japanese shipping 
and shipbuilding trades is a movement towards a 
community of interests for securing trade after the 
war as well as for obtaining supplies of material 
during the war. Several of the purely shipbuilding 
concerns are combining in order that the various 
yards can be put exclusively on the classes of work 
for which they are most economically adapted, and 
combines are being formed among colliery owners, 
iron mining concerns, steel works and shipbuilding 
firms, with a view to bringing all phases of pro- 
duction under single managements. The methods of 
the German cartels in the co-operative buying of 
raw materials and disposing of finished goods are 
also being carefully considered. But primarily 
the difficulty is that of securing supplies of ship- 
building materials, and for this purpose such 
leading firms as the Mitsu Bishi, the Kawasaki, the 
Asano, the Uraga and the Yokohama dockyard 
companies have formed an association called the 
Sempaku Kyokai. 

The Secretary of the Swedish Legation at Tokio 








the Kure and Yokosuka establishments have each | 


reports that with a view to the further encourage. 
ment of the shipbuilding industry it has been 
decided to establish a loan bank in Japan for 
advancing money on the security of ships under 
construction, on lines similar to the Ship Mortgage 
Bank of Hamburg. The nominal capital is to be 
slightly over 2,000,000/., but the concern will be 
able to enter into engagements up to ten times this 
amount, and efforts are being made to obtain 
Government assistance, or a guarantee. 

Regarding the possibilities of Japanese com- 
petition with ourselves generally, it may be observed, 
first, that current extensions of manufacturing and 
shipbuilding capacity, and of additions to our 
Eastern ally’s mercantile fleet, are being made 
under abnormal conditions, at enormous cost for 
materials, which means most extravagant capitalisa - 
tion, and that the enterprises involved will thus 
find themselves heavily burdened with capital 
charges when prices and freights become anything 
like normal again, whereas our capitalisation will 
be little or no more, per ton of either manufacturing 
or shipping capacity, than it was before the war ; 
and, secondly, that through shortage of plant, 
machinery, and skilled labour, it will be many years, 
even under the most extraordinary circumstances, 
before Japan can offer us any really serious com- 
petition, save in limited lines, or markets. 





FERRO-CONCRETE SHIPBUILDING. 

One of the pioneers in the ferro-concrete ship- 
building industry, Mr. Fougner, the director of the 
Fougner Steel Concrete Shipbuilding Company, 
in Christiania, has recently returned from the 
United States and has given some interesting 
information about the rapid progress of this new 
industry in America. When he arrived there in 
November, 1917, concrete vessels were entirely 
unknown, excepting some few lighters and sloops. 
Sea-going vessels with self-propelling machinery 
had never been attempted. Mr. Fougner had 
several conferences with the authorities, and as 
a result the Shipping Board in January entered 
upon a contract with him for the building of six 
ferro-concrete vessels, each of 3,500 tons dead- 
weight. Plans have since been drawn for a standard 
type of 7,500 tons. All the machinery and equip- 
ment is supplied by the Shipping Board under the 
supervision of the Fougner Concrete Shipbuilding 
Company, near York. This company is a daughter 
concern of the Fougner Steel Concrete Shipbuilding 
Company, Christiania. The American company, 
; besides these contracts for the American Govern- 
ment, has also secured contracts from the American 
Navy and several private firms. The American 
Government has formed a special section of the 
United States Shipping Board for the building of 
concrete vessels, and more than 50 engineers have 
lalready been engaged for managing this industry. 
The American Fougner Company is constructing a 
yard intended for the building of large vessels 
for the Shipping Board in addition to the yard in 
New York. Experiments with different kinds 
of steel for the reinforcement of concrete in concrete 
vessels have, it is stated, shown that steel used for 
this purpose ought to be considerably stronger and 
of better quality than the material generally used 
for reinforcement purposes in the more ordinary 
constructions of houses and bridges. The largest 
ferro-concrete vessel so far launched in Europe, 
took the water a few weeks ago from the Greaaker 
ferro-concrete shipyard, Norway. It is 1,000 tons 
deadweight, and the lines are said to be very 
pleasing, the design having been undertaken by 
the Frederikstad Engineering Company. The length 
between the perpendiculars is 52.5 m., breadth 
9.7 m., height 5.4 m. There are two Bolinder 
motors, each of 160 effective horse-power. The 
ferro-concrete shipyard, at the time, obtained per- 
mission from the Norwegian Commercial Depart- 
ment to build this vessel as an experiment without 
class, but when the Norwegian Veritas took up the 
classification of concrete vessels, the yard, in the 
interest of the contracting owners, decided to revise 
the drawings, so that the vessel could obtain 
Veritas class, which meant material advantages as 
regards insurance both of vessel and cargo. The 
vessel has been classified “1.A.1. concrete lighter. 
Experimental. For carrying coal and timber. 
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VISCOSITY DETERMINATIONS IN 
ABSOLUTE UNITS. 


Tue frictional resistance which a fluid offers to 
shearing, i.e., to the relative sliding of parallel planes 
without change of their mutua! distance, is measured 
by the tangential force per unit area required to 
produce unit rate of shear between two planes at 
unit distance apart. The quotient-tangential force/ 
shear is known as the coefficient of viscosity or true 
viscosity 7. In absolute viscosity determinations 
a fluid is forced through a long horizontal capillary ; 
the 7 is deduced from the volume of fluid passing in 
unit time and expressed in dyne-seconds per square 
centimetre ; this unit has been called the “ poise.” 
The experimental basis of these determinations goes 
back to Poiseuille, 1838. The technical apparatus 
for viscosity measurements, known as viscosimeters 
or viscometers, are efflux-instruments; the time 
is measured which it takes a certain volume of the 
liquid to flow from a cup through a short vertical 
tube into a flask. None of these instruments satisfy 
theoretical conditions, even if well made ; the units 
are arbitrarily chosen, and the ratios of the vis- 
cosities of two oils, as measured by two different 
viscosimeters, may rot be the same. The results 
are hence not directly comparable, and there is a 
growing demand for expressing the results of the 
standard instruments in c.g.s. units. For this 
purpose certain corrections have to be applied to 
the values observed. These corrections depend 
upon the type of instrument ; we will briefly des- 
cribe the three oil viscosimeters in widest use: Sir 
Boverton Redwood’s, the standard instrument of 
this country ; Carl Engler’s viscosimeter, in common 
use on the Continent and also in America ; and the 
Saybolt instrument, which has been adopted by the 
Standard Oil Company. 

All these instruments consist of a cup, provided 
with a water or oil jacket and with an opening, a jet, 
in the bottom, normally closed by a valve rod or 
by a cork, through which the oil flows into the 
measuring flask; filling marks, thermometers and 
stirrers are accessory parts; the viscosimeter is 
calibrated with some standard substance. The 
Redwood cup is ot copper, silvered inside to prevent 
corrosion of the metal, 34 in. (82.5 mm.) deep, and 
1} in. (46.8 mm.) internal diameter ; the bottom of 
the cup is of stout copper and not jacketed ; the 
jet is made of agate, the bore is 10 mm. long and 
15 mm. wide ; the measuring flask has a capacity 
of 50 cub. cm., and the standard substance is 
rapeseed oil of density 0.915 at 60 deg. F., 50 cub. cm. 
of which would require 535 seconds to enter the 
flask. When it takes ¢ seconds to fill the flask, the 
Redwood viscosity is given by : 100 ¢ 8/535 x 0.915, 
8 being the density of the oi] at the testing tem- 
perature. The Engler cup is of brass, gilt or 
platinised inside, 106 m.m. in diameter, 32 mm. deep 
(between marks, the full depth is much greater) ; 
the jacket surrounds the whole cup ; the jet passes 
through the jacket in a length of 20 mm. and tapers 
very slightly from 2.9 mm. to 2.8 mm., probably to 
facilitate trueing up with the aid of a reamer. The 
measuring flask has marks at 200 cub. cm. and again 
at 250 cub. cm.; the results are expreseed in 
Engler degrees, and the standard substance is 
distilled water. When it takes tseconds to discharge 
200 cub. cm. of an oil, then the Engler degrees arc 
given by the quotient t/t, where tw indicates the 
number of seconds (50) it takes to discharge the 
same volume of water at 20 deg. C. (68 deg. F.). 
The viscosity of water is assumed to be 0.01797 at 
0 deg. C. According to L. Archbutt and R. M. 
Deeley, the viscosity of water is, at 70 deg. F., 
0.01028, whilst T. E. Thorpe and J. W. Rodger 
found 0.010015. Thus the agreement as to the 
standard substance is hardly satisfactory even for 
water, which is easily purified, whilst as regards 
rapeseed oil it is doubtful whether even the best- 
refined oil has a viscosity of lasting constancy 
(Archbutt and Deeley). 

The Saybolt viscosimeter has recently been 
modified. The universal Saybolt, as used in the 
tests to be mentioned, is a cylindrical cup, about 
3 cm. diameter, height about 8 diameters, filled to 
the brim, the overflowing liquid being collected in 
a gallery ; the cylinder ends below in a tube, 1.4 cm. 
long, 0.18 em. bore, which is surrounded by a wider 





tube, longer than the jet, this wider tube being, (No. 4); heavier oils decreased their viscosity by 
charged with compressed air and closed by a cork ;| 7 per cent. per degree Centigrade in the neighbour- 
to start the oil flow, the cork is withdrawn. The | hood of 20 deg. C., the change becoming smaller as 
corks are apt to leak, but the errors of the Saybolt | higher temperatures were reached. The Redwood 
do not appear to be greater than with other types | viscosity numbers (in the same order, Nos. 1, 4, 8) 
of instruments. The viscosities are expressed as | were 7.2, 44.3, 293, and the corresponding absolute 
in the Redwood instrument, but the standard | viscosities 0.057, 0.540, 3.65—all at the temperature 
substance is water; the measuring flask has a| 30 deg. C. The general equation of Higgins con- 
capacity of 60 cub. cm., and the reference tempera-| necting the viscosity » and the time of outflow ¢ 
ture is 70 deg. F. (in seconds) for the Redwood viscosimeter is 7 = 
All these viscosimeters require very careful} (0.0026 ¢— 1.715 /%)8. In the case of the Engler 
finish and handling, and the reduction of the values| instrument Higgins made use of the formula of 
observed to c.g.s. units is not a matter of one simple | Ubbelohde, which has since been modified ; for 
formula. There is quite a literature, general and| No. 1 oil the ratio t/t, of the values given by the 
special, on the subject. We may in particular refer | two types of instruments rose from 1.84 to 1.86 as 
to the researches of Mr. W. F. Higgins “On Methods | the temperature was raised from 10 deg. to 30 deg. C.; 
and Apparatus for Petroleum Testing” (National | in these cases the time of flow on the R instrument 
Physical Laboratory, Collected Researches [16/ ranged from 59 seconds to 41.5 seconds ; for times 
pages], 1913), and of Mr. Winslow H. Herschel,| of flow greater than 150 seconds the ratio ty / tz 
‘¢On Determination of Absolute Viscosity of Short-| had the approximately constant value of 1.81. 
Tube Viscosimeters” (Bureau of Standards, Techno-| In his absolute determinations Higgins availed 
logic Paper No. 100 [55 pages]. November, 1917). | himself of the method employed by Thorpe and 
Mr. Higgins dealt particularly with the Redwood | Rodgers (1894) in their investigation of the relation 
and Engler viscosimeters, Mr. Herschel with those of | between viscosity and chemical constitution. Two 
Engler and Saybolt. The theoretical considerations vertical tubes of internal diameter 2 cm., are joined 
affecting the problems are briefly these. The| by @ horizontal capillary, 5 cm. in length; the 
experiments of Poiseuille and others lead to the | upper end of either can be connected either to the 
formula: ¢ = = pr*/ 81, where q is the volume | atmosphere or to a reservoir of air under pressure, 
of liquid discharged in unit time, p the difference of | and the liquid in the tubes is forced by this air 
pressure of the liquid over a length | of a capillary | from one limb through the capillary into the other 
tube of radius r, and » of the viscosity. The|limb, the fall and rise of liquid being deter- 
formula only holds for rectilinear flow, along) mined. The U-tube system is immersed in an 
stream-lines parallel to the axis of the tube, and for | electrically-heated water bath. The diameter of the 
tubes of infinite length. In practice there is an| capillary was determined both by the mercury- 
end effect, which tends to make | greater by a| thread method and by measuring the electric 
quantity X which is always positive; this A is| resistance of the mercury filling the capillary. In 
generally expressed in terms of the radius rf, determining the relation of kinematic viscosity to 
X\ = nr, where n is the coefficient of correction. | the time of flow of a technical viscosimeter, Higgins 
Higgins adopts n = 1.64 for the Redwood viscosi-| used the formula » = (At— B/t)s, where 38 is 
meter, Herschel finds n = 1.3 and 1.5 for two Engler, | the density and A and B are constants depending 
and 0.8 for the Saybolt instruments. The pressure | upon dimensions; for this purpose the m and n 
at which the oil enters the jet tube is partly expended | above-mentioned must be known. When the 
in setting the liquid in motion and not in over-| equation -is written 7/ts = A—B/f, and the 
coming viscous resistance; thus we have to dis-| values of y/¢é are plotted as ordinates against the 
tinguish between the pressure due to the head h|1/# as abscissw, the resulting curves aro straight 
in centimetres of the oil above the jet, given by lines, from which the A and B can be read off. This 
g 8 h, where g is the gravity acceleration and § the | method, as Herschel points out, dispenses with the 
density of the oil expressed in grammes per cubic | need of accurately determining the dimensions of 
centimetre, and the kinetic energy term depending | the viscosimeter, which would be difficult. 
upon the velocity v in centimetres in the tube| In his researches, Herschel applies the graphical 
and a coefficient m. Boussinesq showed that method of Higgins and further that of E, Griineisen 
m = 1.12; in practice m = 1 is mostly accepted. | (Reichsanstalt), who investigated the conditions 
Herschel finds m= 1.03 for the Engler, and under which Poiseuille’s law held within definite 
m = 0.97 for the Saybolt instruments, by deter-| limits of error, which he found to depend upon 
minations with varied rates of flow. As the dis-| Reynold’s criterion and the ratio of length to 
charge takes place under a decreasing head of| diameter of tube. Calling the apparent viscosity 
liquid the average head is not easily determined, | 7' and the true viscosity » (from long tube experi- 
and the flow of liquid must not be allowed to : ” 
become turbulent. According to Osborne Reynolds | Sah Sis queen ae aet “ee 1) ws 
turbulence sets in for water when 2rv38/7n!| Herschel now plots Reynold’s criterion against the 
(Reynolds’ criterion) has the value 2,000 (approxi- | percentage error. When this curve is a straight line, 
mately). It is mostly assumed that in technical m does not vary with velocity; but he finds that 
short-tube viscosimeters the criterion is never | m does vary in the Saybolt and Engler instruments 
exceeded ; but the value holds only for long tubes, | when the criterion value exceeds 1,500 and 1,750 
and Herschel finds that values of 1,750 and 1,500| respectively (as stated), and that water is, in fact, 
should certainly not be exceeded, and that the | unsuitable as a standard substance for short-tube 
formula for the kinematic viscosity 7/8 does not | viecosimeters when the criterion may exceed the 
apply strictly any longer for criterion values above value 800. Thus the formule of Ubbelohde and 
800. His formula for the kinematic viscosity is | Meissner would be unreliable. In the course of his 
that of Couette, as modified at the Bureau of experiments Herschel performed more than 500 
Standards by E. C. Bingham (1916): 4/8 = tests (or 5000 runs) of the two kinds of instruments 
agrit(h—mv*g)/8q{l+A). _ with water, olive oil, aleohols (ethyl and butyl) and 
The temperature is a very important factor in | with sugar solutions of different concentrations; the 
viscosity determinations. The density of anoil| appendix to his paper contains tables of density, 
does not change much with temperature ; yet in| viscosity and fluidity (the reciprocal of viscosity) for 
eight oils which Higgins tested, among which were | temperature intervals of 10 deg. O. between 0. deg. and 
a shale oil (No. 1, the lightest), olive oil (No. 4), fuel | 100 deg. C. His final formul#® for the kinematic 
oil (heaviest, No. 8), the density decreased from | viscosities of the Saybolt and Engler viscosimeters 
0.8595 to 0.8200, from 0.9195 to 0.880, and from|are: 7/5 == 0.00213 ¢ — 1.535/¢ (Saybolt), and 
0.956 to 0.917 (taking these oils Nos. 1, 4, 8) as the | 0.00147 ¢ — 3.74/¢(Engler). Detailed instructions 
temperature was raised from 10 deg. to 70 deg. C. | for the manifold precautions to be observed in using 
The corresponding viscosity changes were much|the viscosimeters are given in the paper, and 
greater, being 0.1075 to 0.0208 (No. 1), 1.38 to following Holde and Ganz conversion factors were 
0.124 (No. 4); the viscosity of the heaviest oil | also determined by the aid of which determinations 
(No. 8), tested only between 25 deg. and 50 deg. C., | can be made in cases when there is not sufficient 
fell from 5.15 to 1.00, all in c.g.s. units. The liquid at disposal to fill the cups completely. The 
percentage change of viscosity per 1 deg. C. was whole question was to be discussed by the Inter- 
3.2 about 20 deg. C. and 2.6 about 65 deg. C. (No. 1) national Association for Testing Materials, and is 
and 4.7 to 4.1 with a minimum of 3.2 at 40 deg. C. perhaps best left till then. 
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THE NEW TROLLHATTA CANAL. 
(Continued from page 627.) 

The Dimensions of the Culverts —The smallest 
cross-section of the culverts is such that the filling 
of a lock at the highest possible lift can be effected 
through two inlet channels in about 300 seconds, 
without disturbance of the vessels. 

It was, however, impossible to determine 
theoretically the cross-section of the culverts, as 
reliable data, as far as is known, are not avail- 
able for fixing some the factors concerned, as for 
instance the most desirable hoisting speed of the 
sluices and the permissible amount of wake move- 
ment arising in the upper basin. In order to arrive 
at an approximately correct determination of these 
factors a model lock, to the scale of 1:25, was 
constructed at Trollhiittan. The dimensions of 
the culverts in this model were calculated approxi- 
mately in the following manner :— 

If the sluices could be suddenly opened, then the 
requisite aggregate opening area for both inlet 
channels would have to. be 


A a 


“u.T. J2gh 
Where ; 


Q= the quantity of water to be let into the lock. 
w. = the coefficient for frictional losses in the cul- 
verts. 
T = the filling time. 
g = acceleration due to gravity. 
h = lift of lock. 
Supposing 
h = 8m. (26 ft. 3 in.). 
Q= 8 X 1,500 = 12,000 cubic. m. 
wm = 0:7, 
g = 9.81 m. per second, and 
T = 300 seconds. 
Then 
2 x 12,000 
A= ¥ pe = 9, .™m, 
07 x 30x Jexosixe  *™ 


With this area the quantity of water flowing in 
at the first moment, per second, should be 


qm. As J/2gh=0.7 x 914 x J/2 x O81 x B= 

cub. m. per seo, 

It is quite evident that the sudden introduction 
of such a large quantity of water would cause a 
violent movement to a vessel lying in the lock. The 
opening of the sluice valves must, therefore, be 
done gradually. If the desired time of about 300 
seconds for filling the lock is to be maintained, 
the cross-section of the culverts must, there- 
fore, be increased beyond the figure arrived at 
above. By means of a series of trial calcula- 
tions it has been ascertained that if, with a lift of 
about 8 m., the culvert cross-section is increased by 
about 25 per cent., or up to 11.5 sq. m. (124 sq. ft.), 
the desired rate of filling in 300 seconds can be 
achieved, even if the valves with a constant speed 
of opening occupied 2 to 2} minutes in their travel. 
The inflow of the water could then be regulated so 
as to cause no disturbance. In the same way the 
requisite cross-section of culvert for the locks with 
a smaller lift, and for the intermediate culverts in 
the flight of locks, has been calculated at an aggre- 
gate cross-section of 9.5 m. (102 sq. ft.). 

The lengthening of the time occupied in filling 
which results from hoisting the valves more slowly 
does not cause any special inconvenience, as the 
filling time does not increase in the same ratio as 
does the time occupied in opening the valves. 

Supposing 


T = time occupied in filling with gradual valve 
AP sen. SP ; 
Ty, = time occupied in filling with instantaneous 
opening. 
t; = valve-opening time. 
Then 
T= 4 ° 
T, + $ 


From the model tests undertaken at Trollhattan it 
has been ascertained that the inlet culvert areas 
found by this rough calculation are ample. 
It has thus been ascertained that if in the 


—highest possible 
at the upper gate chamber) the sluice valves in 


cul 
mite Ste ee ee ee ee 


seconds, the lock is filled in about 





235 seconds, and a vessel lying in the basin above 
the lock will be subject to a maximum drag of 
about 2 tons, which may be considered permissible. 
The corresponding time required for filling a lock 
with the smaller culverts may be calculated at 
about 290 seconds. 

In locks with a greater lift than the one just 
mentioned it has likewise been ascertained by 
experiments that the stipulated filling time of 
300 seconds can be maintained. Thus it has been 
proved by filling a lock connected to and located 
below the model lock referred to above, with a 
drop to begin with corresponding with 16.4 m., that 
the greatest impact against a vessel lying in the 
lock will be 2 tons, the time occupied in opening 
the valves being 150 seconds and the time of filling 
about 220 seconds. 

As the model experiments have thus confirmed 
the suitability of the calculated dimensions of the 
culverts, the proportions have been fixed accord- 
ingly. The culverts, consequently, have been 
designed in two sizes, viz. :— 

11.5 


TypeI = = 5.75 sq. m. (62 sq. ft.) 
and 
Type II = os = 4.75 2q. m. (51 sq. ft.). 


Type I is used at lock II, at the upper gate chamber 
in lock III, and the lower gate chamber in lock V, 
whilst type II has been adopted at lock I, the middle 
gate chambers in the flight of locks, and at lock VI. 

The Shape of the Lateral Culveris.—The culverts 
have been given a cross-section (Fig. 44) which is 


| 

' 

! 

| 
' 





cghemwawey ~ F | 


nearly as efficient as the ciroular section, and at 
the same time is comparatively easy to construct. 
The two types of culverts have the following 
dimensions :— ' 


Radius Radius 
Height. Breadth. | of Arch of 
at Top. Invert. 
m. m. m. m. 
Type I 2.9 (114in.) 2.2 (86 in-) | 1.1(43in.) | 3.0 (118 in.) 
Type II 2.65 (104 in.) 2.0(79in.) | 1.0(39in.)| 3.8 (150 in.) 


In the angle between the invert and each vertical 
side a granite skewback is inserted. These cross- 
sections are only used on the lengths in which the 
sluice valves are located. Beyond these the section 
is increased towards the ends of the culverts, as in 
the shorter inlet channels at the upper gate chambers 
of the single locks and in the intermediate’ gate 
chambers in the flight, by increasing the height or 
the breadth, or, in the case of the longer outlet 
channels at the lower gate chambers in the single 
locks, by adopting a full circular section with a 
diameter equal to the height of the normal section. 
The inlets to the culverts have rounded inlets to 
facilitate the entry of the water. 








The position of the culverts was fixed in the 
following manner :—The section in which the valves 
are located is everywhere placed with the upper 
edge 0.1 m. beneath the lowest water-level occurring 
in the lock. This position, as was demonstrated 
at the model lock experiments, makes it possible 
to avoid all suction of air into the valve shaft when 
the water is being admitted. The position of the 
culverts is such that the inner edge in the junction 
to the outlet opening has a minimum radius in 
plan of 1.8 m. (70 in.), which the model experiments 
showed to be necessary to avoid a vacuum at 
that point of the culvert in question. 

The inlet channels at lock II are both placed on 
the east side of the lock, and are supplied from a 
separate channel; through this arrangement all 
motion of the water in the basin immediately above 
the lock is avoided on the opening of the sluices, 
so that vessels in the basin can lie perfectly still. 
The inlet channels do not in this instance open 
into a sump beneath the bottom of the gate 
chamber, but into a slot in the bottom of the lock 
immediately below the sill. 

Further, at the outlet from lock V the culverts 
have been placed on one side, pi ing from 
the lower end of the bottom channel at the side 
of the lock and opening into an outlet channel to 
the river, located behind the masonry of the lock. 
This prevents the water from the lock flowing out 
into the basin immediately below. Wreckage 
guards are fixed in front of the upper culverts 
at lock I. 

A water chamber runs, as already stated, under- 
neath the whole of the lock chamber, with openings 
for letting the water through. These openings 
have been proportioned and spaced so as to ensure 
a nearly uniform influx of water over the whole of 
the bottom of the canal. To this end it was neces- 
sary to determine the hydraulic gradient from end 
to end of this chamber. From this the maximum 
upward pressure on the roof of the culvert was 
estimated as follows :— 

1. During Filling.—On the water flowing into the 
lock a certain hydrostatic pressure exists in front 
of the inlet to the bottom channel, proportionate to 
the difference in pressure between the water-level 
above and in the lock, reduced by the loss of pressure 
due to the eddying in the culverts. There is a 
further loss of pressure in the bottom channel due 
to friction there and in the roof openings. 

The quantity of water passing along the chamber 
continually decreases, on account of the water 
flowing out through the roof openings into the lock. 

It was assumed that the quantity passing along 
a section at a distance x from the inlet to the 
culvert could be expressed as Q = Q, — gz. Since 
the water is at rest at the far end of the culvert 


Q=0 at this point, so that ¢ = %, where 1 denotes 


the effective length of the chamber. 

Let p denote the hydrostatic pressure at the 
section z and v the velocity there. 

Then the sum of the pressure and velocity heads 


at this section is f + = ; where G denotes the weight 


of unit volume of water. 

At a section a little later on, at 7, say, the corre- 
sponding heads will be S + + 

If f denote the head wasted in friction between 
a and 2, we get: 


Py 4 fF, 
a t a f 


Let 3 denote the mean velocity of the flow 
between the two sections in question. Then 


f=k- — (x,—2) where k is a constant depending 


on the hydraulic mean depth of the channel and 
on the roughness of its surface. 
At the limit when z, — x = dx we get 


1 dp 1 | dv?) + aa =0. 
Ga’ 29 «= dx 2g. 


Now if @ be the area of the channel, v = = 
and since Q = Q, (1 — 7) we get 


1 dp _ QQ (i=? _2 
G dz 2 Og 2 l t 


Pi? ic 
G* % 


+Be-C-4 
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On integration this gives : 


o. aa 3 2 2) 1/, at, aft 
a= e-2-([e f (2 $+ ¥,)|+e 
where C is the constant of integration determined 
by the value of p when x = 0, 


In the present case it was assumed that the 
maximum velocity of flow at the entrance of the 
culvert was not to exceed 4 metres (13 ft.) per 
second). On this assumption the value of p, is 
easily found by deducting from the total head the 
frictional losses in the waterways up to this 
point. 

With the hydraulic gradient thus determined the 
dimensions of the openings from the bottom chamber 
into the lock were easily fixed so as to give a practi- 
cally uniform inflow along the whole of the bottom 
of the lock. From the model experiments it was 
found that the coefficient of discharge for these open- 
ings could be taken as 0.85, and the dimensions were 
fixed so that the maximum speed through them did 
not exceed 2 metres (6.56 ft.) per second. 

By a similar course of reasoning, the hydraulic 
gradient along the chamber was determined during 
the emptying of the lock. Knowing the hydraulic 
gradients both on filling and emptying the lock it 
was, of course, a simple matter to determine the 
greatest upward thrust on the roof in the first case 
and the greatest downward pressure imposed on it 
in the other case. 





Bottom Chamber for Lock I.—For lock I the 
bottom chamber details have been calculated in the | 
following manner :— | 

1, Pressure curves for calculating the strength of 
the construction.—{a) At the filling of the lock the 
valves are supposed to be lifted in the shortest pos- 
sible time, which at lock I is 15 seconds. The 
greatest head available before the lifting of the valves 
is 6.3 m. (20.6 ft.). When the sluice valves are 
lifted the effective decreases as the inflowing volume 
of water increases. A calculation of the head at 
which the largest volume of water flows through 
the valves has been carried out in the following 
manner :— 

Assume that 

The head before lifting the valves oo. = H 
The horizontal area of the lock chamber = F 
The aggregate valve area of the inlet 


channels ... ove ove ove oo oe A 
The aggregate valve area of the inlet after 

t seconds ... eee eos oes oo. SG 
Rise of water in lock after ¢ seconds =h 
Total time occupied in opening ... oo on FT 


the effective head after ¢ seconds will be = H — A. 


During a time-element dt, at time t, a volume of 
water will have flowed into the lock 
dt+m*an/%g(H-h) = F.dh 
Suppose the valves are lifted with a constant 
speed, so that the effective area of the inlet channels 
increases proportionally with the time, then 
SS. - 
es oe 
If this value of a is inserted in (1), then after 
integration 
2 2F.T — 
eee" Jag (VE- JH — h) 


In the present case 


H = 6.3m. 

& =0,8 (probable value, according to model 
experiments). 

A = 9.5 cub, m. 

P = 1,500 cub. m. 

T = 15 seconds. 


By inserting these values in the equation and 
different values for ¢ from 0 to 15 the corresponding 
values for h were obtained, which were plotted 
as ordinates for the curve represented in Fig. 45 
by the full line. The vertical distance between 
this curve and the upper horizontal line shows the 
variation of the effective head during the lifting of 
the valves. 

The quantity of water entering through the valve 
Openings amounts in each moment to 


Q=pn.a. J2gh 
Taking the values of the effective head from the 
curve just referred ‘to, and the uniformly increasing 
values of a from 0 to 9.5 sq. m. during 15 seconds, 
the successive values of Q are calculated and are 


It will appear from this line that the inflowing 
quantity of water is largest when the valves are 
fully lifted, and the inflowing volume of water will 
then amount to Q = 81.6 cub. m. per second. 
The corres difference at this time 
is 5.88 m (19.28 ft.). 

The waterway has been dimensioned so that the 
speed, at the inflow of water, shall not 
exceed 4 m. (13 ft.) per second. With due regard 
to this the cross-section A has been made 20.2 
sq. m. (215 sq. ft.). 

The quantity of water flowing out of the bottom 
chamber per metre run is then ¢ = 72 = 1.03 cub. m. 
(36.3 ft.) per second. eas 

With a view to accidental surges and variations in 
the water pressure, the calculated values for p have 
been increased by 10 per cent., being shown in Fig. 46 
as ordinates with the values of 2 absciss® to a 


-%. 
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ig46. CURVES OF PRESSURE IN 
TTOM CANAL AT FILLING AND 
- OF LOCK. 





6osse) Length of Lock; metres. 


curve, represented by a full line in the figure. As 
will appear from this curve, the pressure on the 
roof of the bottom chamber is greatest at the lower 
end, where it amounts to 0.822 ton per sq. m. 
(171 Ib. per sq. ft.). The values thus calculated 
harmonise well with those obtained in the model 
experiments. 

(b) During the emptying of the lock.—Proceeding in 
a similar way for the calculation of the pressure 
during the emptying of the lock, the chain dotted 
curve shown in Fig. 46 is obtained, which e 
the downward pressure on the roof of the bottom 
chamber. As before, these computed pressures were 
in good agreement with model experiments. 

As will appear from both curves, the pressure in 
the bottom chamber on the upper 60 m. (excepting 
the 6 m. nearest the inlet) is greater in filling the 
lock than in emptying it, whilst below that distance 
the pressure is greater at emptying. The strength 
of the roof was computed for the highest pressure 
occurring at each section. 

2. Pressure curve for calculating the dimensions of 
the roof openings.—The roof openings are s0 
dimensioned that on filling the lock an evenly 
distributed outflow takes over the whole 
bottom of the lock, when the valves are raised at the 
intended rate of opening. During emptying this 
uniformity of flow is unnecessary, as the risk to a 
vessel in the lock then is ang remap eng snes Frage 

i i In any case it is not feasible to 
omnes roof openings of such dimensions that 
they shall ensure an equable flow during both filling 











shown by the dotted line in the same figure. 


and emptying. 


the largest quantity of water runs through the 
valves is, taking T as 100 seconds, 3.8 m., the rate of 
inflow is then 65.6 cub. m. The inflowing volume 
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; 
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The Construction of the Bottom Chambers.—In order 
to determine the most economical method of form- 
ing the bottom chamber comparative 
as to cost were made, in the one case for reinforced 
concrete and in the second for a roof of steelwork 
and wood. Of the latter construction several types 
were examined, viz., with longitudinal or cross 
support girders and with one, two and three sup- 
port columns in the breadth. 


| 


in the rock bottom of the chamber. The cast iron 
is only intended as a protection to the concrete, and 
is not relied on to take any of the down thrust, 
which is transmitted to the concrete by means of a 
cast-iron plate bolted to the steel beam above. 
The anchoring bolts, by which the upward is 
transmitted, go through both flanges of the Differ- 


on the upper side of the beam. 

The openings are made by omitting the wooden 
beams at certain distances. The roof o vary 
in size, being largest at the upper end of the lock 
and with decreasing dimensions towards the lower 
end of the lock. The greatest breadth of the open- 
ings is 380 mm., the smallest 100 mm. The wooden 
beams round the openings are rounded off, and as 
an experiment some of the beams here are covered 
with 2 mm. of galvanised plate. These wooden 
beams are kept in position by means of wedges 
underneath the upper flanges of the Differdinger 
girders. 


The Reservoir at Aker.—In fixing the permissible 
limits for the water-level variations in the reservoir, 
it had to be considered that the old locks to and 
from the reservoir in the meantime must continue 
to be used for traffic, and that the local condi- 
tions for the construction of the locks and the 
reservoir should be utilised to best advantage. With 
regard to the existing locks, the water-level in the 
reservoir could not be lowered beneath the present 
low-water level of +- 29.54. On the other hand, so 
as to reduce the work for the locks and the reservoir 
as much as possible, and in view of the relatively 
large variations between high and low water level 
in the reservoir, it was found that the low-water 
level could not be very well raised above +- 30.0. 
Accordingly this level was accepted as the lower 
limit of the water-level. The high-water level 
in the reservoir, on account of local conditions, was 
limited to + 31.9. On account of the small area 
of the reservoir, its water level very much affects 
the water flow through the locks, wherefore it was 
found necessary to adopt special arrangements for 
regulating this water-level. 

The arrangements required for this 
dopeutl epee the tanto tanepah the Tania Gt te 
this connection the following traffic combinations 
had to be considered:— _ __ 

1. Repeated passages down the locks only. 

passages up the locks only. © 


and up the flight of locks. 
the 


up ight 
4. Simultaneous passages down the single lock 
up 


and 











2. Re 
3. Simultaneous passages down the single lock 
In 


single lock and down the flight of locks. 
case 1 a volume of water equal to the volume 


dinger beams and are tightened by means of nuts ~ 
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to collect more than one lock-water volume at the 
time in the reservoir. But, as already mentioned, 
volume of the single lock is larger than that of 
flight locks. Hence at each passage h 
single lock a water volume will remain equal 
difference between the lock-water volumes 


flight. The bottom lock of the flight is then ready 
to receive lock water some 200 seconds after the 


often as water passes out from the single lock. 
such cases it is consequently not necessary 
more than one lock-water volume in the 
at the time. The largest 
could be collected simultaneo 


if no extra outlet were would thus be two 
lock-water volumes of the lock di 
and this may with simultaneous 


8q. m., its water-level, by two lock-water volumes 
being let in, will rise 
Sx 8008 shout Lm. 


The water-level of the reservoir would thus rise to 
level + 31.1. 





area of about 22,000! and 





As will appear from the above, the flight of locks, 
under certain traffic combinations, would conse- 
quently be unable to dispose of all the lock water 

ing from the single lock, producing a rise of 

level. On the other hand there may be cases when 

sufficient water cannot be supplied to the reservoir 

the single lock for the requirements of the 

flight locks. For this reason it has been found 

to construct both an inlet and an outlet to 

the reservoir for the sake of regulating its water- 

level. The inlet canal dimensions are so fixed as to 

enable it to supply the amount of water 

to the flight locks when the single lock is unable 
to supply any water for the reservoir. 

The time for a vessel’s up the flight of 
locks, during which the lock water should be 
delivered from the reservoir, amounts to about 1,800 
seconds. The longest interval between two tappings 
of the single lock happens when the traffic direction 
there is reversed. In such cases a time of about 
1,350 seconds passes between two tappings. If 
such passages take place in the single lock whilst a 
vessel passes upward in the flight of locks, it is 
evident that during the time required for ascending 
the flight locks—about 1,800 seconds—the reservoir 
can only obtain a single lock-water volume, that is, 
an average of 12,000 cub. m. For working the flight 


locks, however, a maximum water volume of about | 


(30 — 6.3) x 1,500 = 35,550 cub. m. is required. 
Consequently the reservoir must supply a volume 
of 35,550 — 12,000 = 23,550 cub. m. during a 
time of about 1,800 seconds, which amounts to 
23,550 
1,800 
So as to be independent of the inlet conduit being 
opened at the right time, it has been found ex- 


= about 13 cub. m. per second. 


ir,| pedient to increase its capacity beyond that 


thus computed. By adopting a closing valve of 
the same dimensions as the smaller one at the locks, 
that is, with an opening area of 4.75 sq. m., and 
the valve opening being placed at such depth that 
air suction is avoided, the inlet canal conduit pro- 
vided has a minimum capacity, with fully raised 
valve, of about 27 cub. m. per second. This inlet 
conduit is constructed as a tunnel in the rock, east 
of lock II, with the intake at the upper gate 
chamber. It has a height of 2.6 m. and a breadth 
of 3.5 m., with the closing valve located at the 
intake. 

The outlet channel is intended to dispose of water 
collected in the reservoir which cannot be tapped-off 
through the flight of locks. This outlet arrange- 
ment has to automatically regulate the water-level 
in the reservoir, so that the high-water level never 
rises above + 31.0. On the other hand, the crown 


y | of the outlet, must be placed so high that a quantity 


of water can be stored in the reservoir large enough 
for the filling of the upper lock of the flight without 
lowering the low-water level below + 30.0. The 
portion of the outlet channel nearest the reservoir 
has the same dimensions as the intake. 


(To be continued.) 





WERKSPOOR DIESEL MARINE ENGINES. 
(Concluded from page 635.) 
Iw addition to engines of the t illustrated in our 


issue of June 7, the Nederlandsche Fabriek van | the 


Werktuigen en yy nen of Amsterdam, 
commonly known as the Werkspoor, some time ago 
contracted for the building of twin engines for a small 
vessel to run at a speed of 14 knots. The conditions 
called for 1,200 brake horse-power at 300 r.p.m., 
with a total weight of the two main motors, including 
flywheels, under 33 tons. Generally, two-cycle motors, 
with their necessary complication, would have been 
adopted, but the Werkspoor succeeded, while following 
in t measure their standard design, in keeping 
within the same limits of weight or nearly so. The 
cross-heads, however, had to be abandoned, and the 
construction of internal-combustion cylinders 
ing rod ado i 
illustrations on Plate L 
In order to save weight and space 
are inclined to each other (Figs. 9 and 15). The 
cylinders are carried in a beam, as already described, 
and the two beams have each a flange (Fig. 9) by which 
a= ae ee cae ae ee 
main bearing by light castings, there 
is no framing other than the steel rods mentioned in 





| crankshaft by four connecting 





our former article, and clearly shown in Fig. 10 and in 
Figs. 12 to 14. The arrangement makes a very stiff 
structure. 

Although all parts are of a light and simple con- 
struction, no vibration, we are informed, is perceptible, 
even when the engines are running at full speed. As 
a consequence of this type of construction it became 
possible to omit the parts of the bedplate between the 
bearings. Apart from the saving in weight so obtained, 
the crankshafts thus become very accessible, which is 
an important advantage. Of course, greater care had 
to be bestowed on the placing of the propeller shafts 
than is generally the case. 

The motors have forced lubrication ; they are made 
oiltight by light steel plates at the sides, as well as 
in the bottom. This style of construction leads to 
lightness and accessibility. The fuel supply is pro- 
vided, as it is usual with the Werkspoor Diesel engines, 
by a single pump, which pumps the fuel into a vessel 
where the same air pressure exists as in the valve cages. 
The air compressor which injects the charge is shown 
to a larger scale in Fig. 11. 

The dismounting of the pistons is effected as 
explained in our previous article, the lower parts of 
the cylinders being detachable. This plan has been 
patented by the Werkspoor. It must be noted, 
however, that the removable ends of the cylinders 
shown on Figs. 12 to 14 were only used by way of 
trial and were later replaced by castings of cylindrical 
form as represented in the drawings, not cut away at 
the sides. 

The camshafts of each motor are driven from the 
rods and an intermediate 
shaft running at half-speed, the customary Werkspoor 
design. There are two camshafts, one for running 
ahead, the other for ing astern; they can be 
shifted sideways, so that either one or the other comes 
under the rollers of the levers that work the valves. 
By a handle, with gearing, one person can quickly 
accomplish this operation and is able to reverse the 
whole engine in a few seconds. 

The crankshafts, made by Krupp, are of manganese 
nickel-steel of high tensional strength. This material 
proved to be too hard, for after being in service for 
about six months the crankshafts developed large cracks 
in several places, so that new ones to be put in. 
This time material of lower tensional strength was 
chosen and the central bore of the shaft was made 
smaller. 

Except for this mishap these engines have been 
running well. All working parts are very easily 
accessible, so that even for replacing the crankshafts 
only the outer steel stays and the connecting rods have, 
to be dismounted. At all speeds the engines run 
without vibration, thanks to the stiffness of the entire 
construction. 





BLAST-FURNACE BEARS.* 
By Dr. J. E. Stzap, F.R.S., Vice-President. 


A BEAR, sometimes called an old horse, a sow or 
salamander, is the blast-furnaceman’s term for the mass 
of metal which is found below the hearth level of a blast 
furnace after the furnace has been blown out. = 

During the working life of blast furnaces the base or 
bottom linings are more or less fluxed away and replaced 
by metal, which, being below the tapping hole, cannot 
be run out of the furnace. In the course of time the 
metal yy | works its way downwards for a distance 
of 3 ft. to 12 ft or more, and, as it cannot be removed 
in the liquid state, it solidifies into masses ich may 
weigh anything between 50 tons to 800 tons. 

Some aces which have been at work for twenty 
to thirty-eight years, during their lifetime have had a 
checkered experience owing to strikes and —— 
from other causes, varied temperatures in the ue 
to irregularity in the working, and other conditions. 
It is evident, therefore, that the metal, originally com- 
pletely fluid, would at such times pass more or less into 
semi-solid condition and become totally solid after 
long-continued sto es. After the reservoir of metal 
has cooled down andsolidified during temporary stoppage, 
and the furnace is in put on blast, the metal will 
gradually become molten, but before it is all remelted 
there must inevitably > = . hearth 
temperature, nt king o melting process, 
and ow a resolidification of portions of the remelted 
meta: 


When the bear is finally quite cold, after the furnace 
is blown out, it may have impressed upon it characteristics 
— result of all —_ varia’ — =a they om 

it at thi int discuss jon as w 
to build feemnoe Ieechthe which would sesies the attock 
of the metal, but beyond suggesting that magnesite 


bricks to give the greatest promise, it is not 
poapened to dedi further with the question here. 
VaRIABLE CHARACTER OF BEAks. 
The immense blocks of solid metal are usually broken 


bit bit by drilling and blasting, and the interior 
= deny or Phe a io ten readily seen. In all, the 





as read at the meeting of the Iron and 


* Paper taken 
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feature which first strikes the observer is the presence of 
considerable quantities of what appears to be kish or 
pogite, also grey metal of very open fracture, which has 

roken along the cleavages of large plates of graphite, 
and metal of all degrees of greyness progressively from 
the very open to the very close and on to the mottled 


and white. Very often one meets with conglomerates | 
of kish, metal, and partly fused brickwork through which | 


pass veins of a metallic substance. Sometimes specimens 
sre met with which have the same colour as copper, and 
are rich in what has beon called and described as nitro- 
cyanide of titanium. But since the adoption of higher 
furnaces and greater blast pressure it is rare to find large 
accumulations of this, but it is always present in dis- 
seminated crystals in all furnace bears. In some bears 
one finds the nitrocyanide associated with dark blue 
idiomorphic crystals quite’ insoluble in even strong 
hydrochloric acid, and the fracture of the conglomerate 
has a blue cast. In the cavity of one bear from 
the hearth of a furnace which had been making ferro- 
manganese, large idiomorphic crystals of double carbide 
and silicide of manganese and iron were discovered by 
Mr. Poulaine. 

In more than one bear a considerable quantity of 
carbonless iron rich in phosphorus was discovered. 

In another bear a quantity of a substance closely 
resembling mill cinder was observed. 

In many bears the lower central axes have a columnar 
structure almost identical with the basaltic formation 
of Staffa and the Giant’s Causeway, but, of course the 
columns are relatively much shorter and of less diameter, 
the actual lengths varying from a few inches to more 
than a foot, and the diameters from } in. to } in. 

One authority claims that he had found diamonds in 


a German bear, but they have not, so far as ie known, | 


been discovered in English bears. 
Crystals analogous to rhabdite have been found, and 
conglomerates containing up to 66 per cent. of almost 





Fie 165. 


pure manganese sulphide and mixed sulphides of 
manganese and iron. All these substances will be 
discussed in the following order :— 
. Kish or graphite. 
. Graphitic metal with open and close fractures. 
. Sulphides of manganese and iron. 
. Cyano-nitrite of iron in red crystals. 
. Titanium di-cyanide in blue crystals. 
Masses of cuties and silicates of iron. 
. Decarburised metal. 
. Columnar formation of metal, more or less com- 
pletely dephosphorised. 

9. Ccsetale of iron phosphide and iron carbide, from 
cavity in a bear. With a report thereon by Mr. L, J. 
Spencer, M.A., F.G.S8., of the British Museum. 

10. Carbo-silicide of iron and manganese. With a 
report thereon by Mr. L. J. Spencer, M.A., F.G.S. 

11. Unique specimens for the microscopist. 

Summary of main points of interest. 

In the following remarks evidence of the existence of 
nearly all the above constituents will be advanced, 
together with hypotheses explaining as far as possible 
their genesis. 


CAIDA woe 


Sxcrion I. 


Kish or Graphite.—It is well known that when very 
rich graphitic iron is running from a blast furnace, free 
graphite separates from the iron and floats to the surface, 
a may be blown away | wind or may rest on the 
surface of the solid pigs. © separation occurs so long 
as the temperature is at the ee but separation 
begins with falling temperature. It follows, then, that 
if a great mass of very grey iron in a ladle, orin the hearth 
of a blast furnace, cools down ever so little, graphite will 
separate. One knows that this occurs in ladles of fluid 
iron weighing 10 tons to 50 tons, for in a very little time 
after casting, graphite floats up and accumulates on the 
surface. The same thing most certainly occurs in the 








hearth of a blast furnace, for radiation from the sides 
of the well cools the metal, and some of the graphite will 
float upwards to be eventually burnt by the air blown 
into the furnace. When making ferro-silicon containing 
10 per cent. and 15 per cent. silicon in a blast furnace 
the amount of coke required is high, as also is the 
temperature in the furnace, and as silicon always has 
the effect of liberating graphite as tho metal cools, the 
radiation of heat from the sides of the well first of all 
affects the fluid metal in contact with the brickwork, 
graphite falls out of solution, adheres to the sides of the 
well, and continues to do so till a very thick layer is 


| formed and the hearth is greatly reduced in capacity. 


When the accumulation reaches a certain point the 
capacity of the well becomes so reduced that it is 
impracticable to carry on the production of such graphite- 


| forming metal and the furnace has to be changed to 





| hematite, which dissolves away the graphite. In the 


manufacture of ferro-manganese, although the metal 
itself when cold is free from graphite, when in the fluid 
state it percolates between the bricks of the bottom of 
the furnace, the manganese reacts on the silica of the 
bricks, reducing it to silicon, and this, entering the fluid 
iron, throws out of solution a part of the carbon, which 
then separates as graphite, much of which is trapped and 
is prevented from rising to the surface of the metal. 
olid graphite, once it is adhering to anything that 

prevents it rising, has an attraction for more graphite 
in metal ready to part with it, so that in course of time 
there are considerable accumulations, mixed of course 
with entangled particles of metal, &. The action of 
manganese is very severe on silica material—so much 
80, t it is impossible to keep melted ferro-man 
in a clay crucible without perforation. Obviously 
magnesia, as ys lining for mg making ferro- 
manganese, 8 an advantage, for manganese has 
no action on that substance. " 

Graphite accumulations are, however, common in the 
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bears of al] furnaces which have been used for making 
grey iron and even basic, mottled, and-white irons, but 
t is always associated with entangled particles of iron 
and sometimes with slag and siliceous matter. 

Mr. Greville Jones ly supplied the author with an 
analysis of such a graphitic mixture, taken from the 
hearth of a blast furnace after making hematite pig-iron 
for five years at the Rhymney Iron and Steel 


orks, 
which is as follows, namely :— 


Per Cent. 

Iron oes Ge 69-99 
Graphite on 25-32 
Combined carbon 1-20 
Manganese ° 0-80 
Silicon ... 1-85 
Titanium 0-42 
Phosphorus 0-03 

99-61 


A similar deposit sent to the author by Mr. George 
Ainsworth, general manager of the Consett Iron Com- 
pany, Limited, eonsisted of stratified layers of graphitic 
material between which were thin layers of a yellowish- 
ore substance, evidently slag. An analysis made in 
iddlesbrough is shown below :— 





Per Cent. 

Tron eee 18-30 
Graphite ei 48-35 
Combined carbon trace 
Manganese__... 0-675 
Silicon and silica 6°76 
Sulphur... ove 0-47 
Phosphorus 0-019 
Alumina, lime, &c. 25-426 

2» 100-000 


The stratification in layers is explained’ on the 
assumption that it was only on alternate’ occasions, 
when' the fluid iron was extra grey, that graphite fell out 
of solution, and between these: occasions thet slag was 
deposited. The high sulphur present probably was 
mainly in the slag and not in the metallic portion. 

Time is an important factor in facilitating complete 
separation of, graphite, and wi ~ large masses of grey 
iron in the fluid hears of almc. | all blast furnaces. cool 
down slowly, as they always Jo after the furnace is 
blown out, this condition for its separation is: alwa: 
obtained. Mr. Alfred Cochrane kindly supplied t 
author with a graphitic conglomerate from the hearth of 
No. 3 furnace of Ormesby Ironworks which had the 
following analysis :— 


Per Cent. 
a 41-6 
Graphite 39-4 
Slag, &c. 19-0 
100-0 


Szotron II. 


Metal with Open and Close Fractures.—The open 
character of cast-iron depends on well-known con- 
ditions :— 

1, As a rule, the greater the mass of solid grey iron, 
the larger are the crystals of graphite and coarseness 
of the crystalline fractures. 

2. The more slowly grey iron solidifies the more open 
the fracture. A very small pool of Cleveland iron 
cooled down inside a mass of molten slag may have a 
fracture with cleavage faces a } in. to }in. in area, while 
the same pool cooled in sand in the air will have a very 
close fracture. 

3. Sulphur melted with open cast-iron has an influence 
in making the iron finely crystalline. 

4, Low silicon under 0-5 per cent., when the carbon 
does not exceed 3} per cent., is favourable to the pro- 
duction of white iron if cast in sand ; but the same iron, 
provided the sulphur is not excessive, if cooled very 
slowly, may be obtained with a quite grey fracture. 

5. ite and mottled iron, if remelted and cooled 
very slowly, may, and are likely to, have grey fractures 
more or less open in character. 

In the case of bears from blast furnaces making 
mottled and white basic iron, the graphite separates 
out probably after the metal has become quite solid, 
and appears, not as flakes or curved plates, but in more 
or less spheroidal gations. This was well shown 
in a columnar mass of metal from the hearth of a blast 
furnace at Wigan, kindly presented to the author by 
Mr. F. M. Percy, a section of which was polished and 
etched at Middlesbrough. This was phot phed, and 
is reproduced in photographs 2 and 3. No. 2 is the 
section magnified five diameters, No. 3 that of one of the 
rounded eo. of graphite, the appearance of which 
suggests that it is built up of adhering fine plates of the 
same substance. The iron prod at this furnace, 
when cast into pizs, had a white or mottled fracture. 

It follows from these premises, that almost all irons 
whether grey, mottled, or even white, if cast in sand, 
would, if cooled in the bears of blast furnaces, be 
and of more orless open fracture. Some portions of 
bears have graphite clea faces g from yi5z in. 
up to above 1 in. diameter, but generally are large. 


Sxction III. 

iphides of Manganese and Iron.—It is well known 
that when fluid raw iron contains manganese and sulphur, 
in cooling slightly, as it does in a mixer, in a ladle of 
metal, or in a large casting, the manganese sulphide 
floats upwards the surface and, if the surface 
layers are fluid escapes and forms a separate layer on 
the top of the metal. If the upper layers are solid the 
su le accumulates below the frozen metal, so that 
portions taken from the places where segregation has 
occurred may contain as much as 1 per cent. sulphur 


(= 2+Teper cent. MnS), although the average in the whole 
casting may not exceed 0-05 per cent. 

In large masses of metal such as are found in bears it 
is not surprising to find epneeiens very rich in sulphi 


of manganese. 

furnaces of Messrs. Bolckow, Vaughan and Co., Limited, 
kindly supplied to the author by Mr. D. Sillars, there was 
a marked instance of this. 

The specimen had a bluish fracture, and the microscope 
ineaital a ground mass of dove-coloured sulphide in 
which were embedded particles of iron, graphite, and 
crystals of cyano-nitride of titanium. It was crushed to 
the finest powder and the iron separated by a magnet. 
The magnetic and non-magnetic portions weighed 
respectively :— 


Per Cent. 
Magnetic due 28-0 
Non-magnetic ... 72-0 
100-0 


The magnetic part contained all the free iron and some 
embedded titanium cyanide. The non-magnetic portion 


Fig.t. 
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etic titanium 
of which, of 
ite insoluble in hydrochloric acid. The 


contained about 4 per cent. of the non-ma 
cyanide and 3-5 per gent. graphite, bot 
course, were 


soluble sulphides contained :— 
Per Cent. 
Manganese sulphide ... 92-7 
Iron sulphide ... eee 7-3 
100-0 


y | The sulphides in the polished section appeared to be 


perfectly homogeneous, and it may be concluded that 
the sulphides of manganese and iron crystallised together 
and were in mutual solid solution. 

In another portion of a bear from No. 4 Ormesby blast- 
furnace hearth the microscope revealed the dove-coloured 
sulphide, bright particles of iron, graphite and titanium 
cyanide. 

After crushing to the finest powder and separating 
the iron by a magnet and the sulphides by acid the 
dissolved sulphides were found to contain :— 





Per Cent. 
Manganese sulphide 80-1 
Tron sulphide ... 19-9 
100-00 


In a bear from one of the Cleveland | Orm 





No. 3 furnace bear, as removed July—October, 1917. 


Ormesby No. 4 furnace, removed November, 1914, to April, 1918. 
blown out July, 1886. 





The mixed sulphides in the polished specimen in this 
as in the last case, were a 

A portion of a third bear kindly sent to the author 
by Mr. Alfred Cochrane came from the hearth of No. 3 
esby furnace, blown out after twenty-four years 
Imre It = oe as it contained me —— 

its mass of almost pure manganese s ide. is 
specimen was readily sawn and drilled. The microscope 
revealed a matrix of what a to be quite homo- 
geneous sulphides of the dove coloured type. There 
were present cubic crystals of the titanium compound, 
and bright metallic portions and segregated rounded 
islands of graphite (photograph No. 1). 

Alarge portion was c to coarse powder in a steel 
mortar and the parts attracted by a magnet were 
removed from it. The tic and non-magnetic 
portions were weighed and found to be in the following 
proportions :— 


- ee 

‘on-magnetic ... 7-0 

Magnetic “ 33-0 
100-0 







| sourTn 


Furnace blown in May 8,.1876; blown out May 30,1914. Totaliron made 1,365,465 tons. Total 
weight of bear 263 tons,.of which 162 tons 2 cwt. was clean metal. 
bears: there was a layer of burnt firebrick varying between } in. and 3 in. in thickness. 


Between origina] and lower 


The bear was found to be in five distinct 
and separate formations :—Two central] lumps with two annular masses round them and a top 
layer of partly reduced material. 
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Blown in January, 1880; 


On examining the particles of the non-metallic powder 
each of them showed well marked cleavage faces. 

The magnetic separation was not very perfect, for some 
particles of sulphide adhered to the metallic part. The 
chemical] analyses are as follow :— 


Non magnetic. Magnetic. 





Per Cent. r Cent. 
Iron ... 0-900 81-373 
— 59-390 4°532 
Sulphur 35-181 2-321 
Silicon nil 2-410 
Phosphorus ... trace 0-945 
Combined carbon 0-096 0-450 
Graphite _... 2-822 1-759 
Titanium 1-400 5-500 
Nitrogen 0-200 0-710 
Specific gravity ... 3-69 6-95 
So far as could be ascertained, the titanium compound 
in this was of the same substance as that already 
described. The crystals were for the most bedded 
in the particles of iron, as was proved by analyses. 


As it was not magnetic, the particles of the cyanide 
which had separated from the iron in crushing the 
sample were found in the non-magnetic part. The 
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graphite’must, of course, have been derived from the 
iron. The separated parts being in the ratio of two 
magnetic to one non-magnetic, it was easy to calculate 
the ultimate composition of the specimen, which was as 
follows :— 





Per Cent. 

fron ... ah “re aie pe 27-724 
Manganese... a os ce 41-103 
Sulphur one eae eos nos 24-227 
Silicon ee pee ae. ae. 2-803 
Phosphorus ... 9°345 
Combined carbon 0-214 
Graphite , 2-468 
Titanium 2-768 
Nitrogen 0-270 

99-922 
Manganese sulphide... ose ste 64-76 





No. 1.—Section trom a mass containing 
two-thirds of its weight of nearly 
ure MnS. 
J hite=iron. Half-tone= MnS. 
Dark= graphite x 56. 





No. 3.—Same as No. 2. A spheroidal 
particle of graphite x30. 


Excluding the magnetic iron, graphito and the titanium 


compound, the mixed sulphides contained :— 
Per Cent. 
Manganese sulphide ... see ~ 98-5 
Iron sulphide ose sae : 1-5 
100-0 


Here, again, the mixed sulphides were dove coloured 
and there was only one constituent present. 

Mr. Cochrane has kindly supplied drawings in section 
showing the dimensions of the bears in Nos. 2, 3 and 4 
Ormesby furnaces (Figs. 1, 2,and 3). The specimen re- 
ferred to was obtained from No. 3 furnace (Fig. 2). It 
will be seen that the metal had not only worked its 
way downwards, but had travelled laterally. The dia- 
meter of the hearth was 10 ft., but that of the bear 
averaged 18 ft. 6in., so that tha metal had fluxed 
away about 4 ft. of brickwork on each side under the 
walls of the hearthitself. The conditions were here most 
favourable for the lodgment of the ascending sulphide 
at the points A A. 

: Section IV. 
E Cyano Nitride of Titanium.—Percy,* in his treatise on 
‘Iron and Steel” refers to the interesting substance 
exactly like copper in colour which on analysis by 
Wohler gave the following result :— 





Ee Per Cent. 
fms we isd is whi 17°26 

- \itrogen oot ée0 ooo eee 1 *30 
Carbon cae had tie _ oe 
Graphite = an bie bis 0-92 
100-12 





* Percy, Iron and Steel,” 1864, page 511. 








It is described as nitro cyanide of titanium, TiCy + 
3 TisN. 

It is found crystallised “in minute cubes piled up, 
exactly as sometimes occurs in oc of fluorspar.” 

Every blast furnace manager has noticed it. 

Dr. Sorby was the first to find microscopic crystals 
of the same substance in pig iron, and for that reason 
Howe gave them the name Sorbite, a term afterwards 
withdrawn, as the same name was given by Osmond for 
one of the transition conditions in carbon: steels. 

It is known that titanium has a strong attraction for 
nitrogen, and that probably as nitrogen and carbon 
exist in pig iron, they unite to form crystals.* ‘ Wéhler, 
obtained the same substance artificially by heating a 
mixture of ferro-cyanide of potassium and titanium 
dioxide in a well-closed crucible at a temperature 
sufficient to melt nickel. Titanium cyano-nitride can 
also be prepared by heating to whiteness a mixture of 





No. 2.—lron from a Wigan basic furnace. 
Section of a columnar mass. x 5 
Dark spots. Graphite in a sphe- 
roidal condition in a ground mass ot 
pearlite. 





No. 4.—Separated blue crystals of tita- 
nium dicyanide x 50, with inset 
showing a bright face of one of the 


crystals x 330. 
titanium dioxide and charcoal in a tube of -carbon 
in a stream of dry nitrogen (Deville and ler), A 


third method of preparation is to fuse potassium cyanide 
in the vapour of titanium tetrachloride (Wéhler). It 
has a specific gravity of 5-28, and is only attacked by a 
mixture of nitric and hydrofluoric acids. When ignited 
in a current of steam it is decomposed as follows :— 


Ti(CN), 3TizN2 + 20H,0 = 2HON + 10TiO, + 6NH; 
+ 10H». 


“Chlorine also decomposes this substance at a red 
heat, titanium tetrachloride and a volatile sublimate 
consisting of a compound of titanium tetrachloride and 
cyanogen chloride being formed. When fused with 
potash, ammonia is given off, potassium titanate b>ing 
produced.” 

As there is titanic acid in the Cleveland ironstone and 
in the ash of the coke, it is not surprising that in the 
presence of nitrogen and carbon at a high temperature 
the copper-coloured compound is produced. 

Probably no “bears” are free from the crystals. 
T. W. Hogg (British Association, 1873) discovered the 
same copper-coloured crystals associated occasionally 
with titanium carbide and nitride in ferro-manganese. 
“Their diameter generally lies between one ten- 
thousandth to one-thousandth of an inch.” ‘“ There 
were,” Mr. Hogg informs us, “ about half a million of 
these crystals in 1 cub. cm. of the metal. The largest 
percentage by weight was 0-032 per cent. 

“ They a high metallic lustre with brilliant mirror 
like facets and were in the form of cubes, octahedra, and 
forms resembling icositetrahedrons. Their specific 





** Treatise on Chemistry,” Roscoe and Schorlemmer, 
“ Metals” part ii, page 802. 





gravity varied between 4-1 and 5-1, and the percentage 
of titanium between 60-5 and 79-8 per cent.” 

There can be no doubt that the titanium compounds 
are slightly soluble in molten cast-iron, and that they 
crystallise out of solution as the metal cools. As they 
are specifically lighter than cast-iron one would expect 
them to rise to the surface, but there is no actual evidence 
that they do so. The reason why they accumulate in 
some parts more than others and segregate into relatively 
large masses may be explained by assuming that the 
first crystals that form adhere to some solid body and 
they become crystallic centres of attraction, just as a 
minute crystal of alum suspended in a slightly super- 
saturated solution attracts to itself the alum from the 
solution and develops to large dimensions. In the case 
of the titanium compound, which is in very minute 

ntity in the fluid iron, it can be reasonably assumed 
that the metal moves about by convection or other 
agencies, and after parting with its titanium salts moves 
away to be replaced with fresh metal, and from this, 
in turn, is attracted the titanium compound it contains. 
This process being long continued, it is not surprising, 
although the fluid iron may not contain more than 
0-01 per cent., that masses of several pounds in weight 
are obtained. If the weight of the fluid metal was 
200 tons, and all the titanium compound in it were 
concentrated at one place, the weight of the crystal mass 
would be 450 Ib. course only a fraction of this would 
actually grow on the first formed crystals, and the 
calculation only goes to show that there is an ample 
amount to account for what is found. 


Sxction V. 

Titanium Di-cyanide or Carbo-Nitride of Titanium. 
(Cochranite.)—Hogg referred to titanium cyanide and 
carbide as having been found in ferro-manganese, but he 
does not appear to have isolated a sufficient quantity 
on which to make analyses. Dark blue crystals have 
been noticed in bears from one of the furnaces of Messrs. 
Bolekow, Vaughan and Co., Limited, at their Eton 
works, and in bears from Nos. 2 and 4 ery go 
but it was not until September, 1917, that Mr. Alfred 
Cochrane handed to the author a specimen from his 
No. 3 furnace that a sufficient quantity could be obtained 
for analysis. The specimen, weighing several pounds, 

@ peculiar fracture closely resembling very dense 
close-grained magnetite. On moving t fractured 
surface of the specimen about under incident rays of 
light there a red areas $in. to 1 in. across which re- 
flected the light more freely than other pane suggesting 
masses of separate minute crystals all orien alike. 
The large lump was too hard to saw or drill, and in order 
to obtain it in suitable form for micro and chemical 
examination, it was broken up into pieces and crushed 


to r. 

tn the study of all complex alloys of unknown com- 
position it is advisable primarily to examine micro- 
scopically polished and etched sections, for in that way 
one discovers what constituents are present, how they 
are affected by etching reagents, and, having noted these, 
the chemical meth for their determination can be 
arranged. Following this plan, the polished specimen, 
without etching, was examined with the following results : 
The greater mass consisted of what appeared to be 
cuboidal crystals in a matrix of iron associated with 
segregations of graphite and what a red to be 
manganese sulphide. On etching with acid the crystals 
were not affected, but the ferrous matrix a a 
pearlite structure As the crystals were not affected 
even by strong acid, while the iron and sulphides were 
readily soluble, it was evident that the crystals could be 
readily isolated together with the graphite by acid 
treatment. A sal lump was therefore digested in 
strong hydrochloric acid till there was no fy eee 
tion of hydrogen gas. The piece retained its origina 
shape, but was vonllty oobated to a powder in a mortar. 
The powder thus produced was washed in running 
water, which carried away most of the graphite and the 
very fine crystals, leaving as a residue a mass of dark 
blue crystals which retained their bright erystal faces. 
Under the microscope these appeared to be cubical in 
form. Photograph No. 4 represents these, and the inset 
the face of a single crystal viewed when examined under 
vertical illumination and magnified 330 diameters. 
Analyses of the original specimen and the separated 
crystals were made with the following results :— 


Original Metal. Blue Crystals. 
Per Cent. Per Cent. 





Iron is «. 48-493 0-200 
Manganese ae oe 2-988 trace 
Sulphur ... a -. 1+950 0-027 
Silicon ... one van 1-490 trace 
Phosphorus eee --. 0°366 nil 
Combined carbon  ©«€©—, Oe 9-741 
Graphite dis .. 8°381 1-550 
Titanium as .. 83-100 76-864 
Nitrogen waar ~ | 10-545 
100-000 98-927 
Specific gravit . 68°650 4-667 
ame cng “OO 87 
Sulphur as FS ... «. «= 26 


The blue crystals were ay of scratching the polished 
face of the hardest steel, and must have a hardness 
exceeding 700 Brinell. Rubbed b tween polished faces 
of quartz, the quartz was scratched. 

An analysis corresponds to Ti(NO) or di-cyanide of 
titanium or titanium carbo-nitride, namely »— 


Ti(NC). Found. 
Per Cent. Per Cent. 
Titanium ... ..- 76-864 instead of 76-864 
Carbon ene -» O°14l Pa 9-741 
Nitrogen... -» 10°540 ” 10-540 


It is quite possible that the carbon determined included 








662 


ENGINEERING, 





[June 14, 1918. 








some ite and is higher than the truth, for there was 
Sitouleyrin its complete separation. As there is some 
doubt as to what the true chemical constitution actually 
is, the author has given it the mineralogical name of 
Cochranite, as it was first found in Sey at the works 
of Messrs. Cochrane and Co. by Mr. A. O. Cochrane. The 
calculated constitutional] analysis of the original metal 
is approximately as follows :— 





Per Cent. 
Iron with silicon and alittle carbon... 50-00 
Titanium di-cyanide ee -. 41-80 
Graphite oes 3-20 
Manganese sulphide 4-74 
Iron sulphide... 0-26 
100-00 


These blue crystals were referred to in a oe by the 
author read before the Cleveland Institution o eee 
in 1914, and were first found in the bear of No. 5 furnace 
at the Cleveland works, but oe ey = mixed up with the 
red titanium compound descri by Percy, and as it 
was impossible to se) te them, the composition could 
not be rmined. y are entirely different from the 
red compound analysed by Wéhler, as will be seen from 
the composition of each. 


Red. Blue. 
Per Cent. Per Cent. 
Titanium - 77°26 76-864 
Nitrogen 18-30 10-540 
Carbon ... one _ 3-64 9-741 
Chemical formula .. TiCy + 2TisN TiCyo. 
The dark blue crystals, on heating to above redness in a 


muffle, glowed, and in an hour all the carbon and nitrogen 
passed away, and the residue consisted entirely of titanic 
acid associated with a trace of oxide of iron. ‘ 

The exact position where this specimen was found in 
the bear is not known, but its low specific gravity, the 
associated graphite and manganese sulphide, lead one to 
suspect that it floated up and lodged under the over- 
hanging brickwork shown in Fig. 2. 


(To be continued.) 





THE AIR SUPPLY TO BOILER ROOMS.* 
By Mr. Ricuarp W. Aten, C.B.E. 

Tue subject of air supply to boiler rooms, where closed 
stokeholds are employed, is one requiring the greatest 
attention, especially where oil fuel is used, as this 
necessitates high air pressures being maintained in the 
boiler rooms. The power absorbed in driving the fans 
is considerable, and any improvement which can be 
effected by increasing the efficiency of the system, with 
& consequent saving in steam consumption, reduction 
in weight and space occupied, will have some influence 


on the speed of a ship. 

1. Air Pressure Required to Produce Air Speed.— 
Theoretically an air pressure of 1 in. water produces 
67 ft. per second air velocity, but this does not allow for 
any practical losses. It will therefore be more correct 
to work on the basis of 1 in. water-gauge pressure pro- 
ducing 54 ft. per second. Within the ya speed 
and of air pressure actually employed on rd ship, 
the speed varies as the square root of the pressure 
difference. Assuming the calculation to be made for 
an exit nozzle, consisting of a short cylindrical pipe 
P P, in Fig. 1, with ends not rounded off, we should find 
that an air pressure of 1 in. water gauge would produce 
approximately a speed of 54 ft. per second. ; 

The expansion of the formula, with the coefficient 
underlying our calculations, is as follows :— 

V = Exit velocity ... =C ./2gv(P — Po) 
ft./sec. 
q = Acceleration due to 
gravity ... eee 
v = Specific volume of 
atmospheric air 

(at 70 deg. F.)... 

= Pressure differenco 


ll 


32-2 ft./sec. 


13-2 oub. ft./Ib. 
5:2 ex ft. for 
lin. W.G. 


ll 


P—Po 


C = Coefficient of flow : 


For flow without 





loss ... «+ = 1-0 (theoretical). 
For cylindrical 
pipe without 
rounded ends = 0-8 (practical). 
*. Exit velocity due 
to lin. W.G. ... = 14/2x32-2X13-2x5-3 
= 67 ft./sec. (theoretical). 
or, = 0-8 x 67. 


54 ft./sec. (practical). 

On the basis of the above formula (with C = 0-8), 
the following table gives the corresponding air pressures 
in inches water gauge required to produce given air 
speeds in feet per second :— 


Ft. per Second. In. W.G. 
20 ove 0-13 
25 0-202 
30 0-29 
40 0-52 
50 0-81 
60 1-16 
70 1-58 
80 2-07 


3. V. of Air in the Air Shafts.—The speeds to be 
nae a from 20 ft. to 25 ft. per second. The 
pressure required to produce this velocity is relatively 


* Paper read at the Sp meetings of the fifty-ninth 
onion of the Institution of Naval Architects, March 22, 








small, viz., 0+13 in. to 0-20 in. W.G., but increases in 
the ratio of the square of the velocity, so that to produce 
double the air speed four times the pressure is necessary, 
and to produce four times the speed requires 16 times 
the pressure. It frequently happens that most of the 
velocity energy of the air is lost, which means that the 
fan must be designed for the extra pressure corre- 
8 mr ag the air speed, if the required output is to be 
obtain For this reason a low air s is desirable, 
as it reduces the work to be performed by the fan for a 
= air pressure to be produced in the boiler room. 

t air trunks are sometimes constructed necessitating 
very high speeds is proved by several recent cases brought 
to = author’s notice on four different classes of ships, 
as follows :— 


Ft. per Sec. 
Ship (a) ° ove 48 
» (b) oe 62 
» (0) eee ooo ooo eee 78 
» (d@) one one 65 


In every case the velocity is excessive, especially for 
air shafts as at 
ships difficulties have been e 
specified air pressure in the boiler room, necessitating 
modification by increasing the areas of the suction 
trunks, with satisfactory results. It must be remem- 
bered that to obtain a speed of air a pressure difference 
has first to be set up; this pressure energy then is 
converted into velocity energy, the greater part of which 
subsequently gets lost, as very little of the is 
converted back to pressure. refore, the higher the 
air speed, the greater will be the loss. As stated, it is a 
difference of air pressure that causes a flow of air, and 
expressed in this way the statement applies equally 
to suction or discharge, ¢.¢., to pressures above or below 
the atmosphere. 

3. Enlargements and Restrictions in the Air Passages.— 
From tests taken for steam in connection with investi- 
gations for nozzles, it must be assumed that the inter- 
position of a chamber C, in a pipe run, Fig. 2, causing a 
sudden enlargement in this pipe, even if this chamber 
were of no great length in the direction of the axis of the 
pipe run, is sufficient to destroy completely the speed 
of the fluid approaching the chamber through the first 
portion of the pipe, and making it necessary for a further 
pressure drop to be expended in order to produce the 
speed afresh in the outgoing pipe. A case of such enlarge- 
ment often presents itself where the air shaft leading 
from the top deck down to the fan compartment emerges 
into the fan compartment. 

It often happens that such sudden enlargements and 
restrictions occur not at one place only in the passage 
from the top deck to the fan inlet eye. The loss would 
then be present as often as such a step occurs in the 
passage. It could be iderably reduced replacing 
the sudden enlargement by @ well-tapered trunk giving 
a@ gradual enlargement. is, however, is frequently 
impossible owing to structural considerations on board 
ship. Therefore, to be on the safe side it is as well 
when making calculations, to assume that the whole of 
the energy represented by the air velocity is destroyed, 
and when designing the intakes to allow for moderate air 
speeds. As the usual speeds to be recommended are 
from 20 ft. to 25 ft. per second, the losses where those 
ss are ado are not very great, though appreciable 
if they occur a in the air ge. ut with 
double these speeds the fan must be designed to produce 
a higher air pressure, amounting to } in. W.G. for every 
time the loss occurs from the entrance of the air on deck 
to the fan room. There are many points in the air 

where restrictions in area are frequent. It 
would be well to enumerate the chief causes :— 

(a) Restriction due to the casings which stand just 
underneath the air shafts, thereby reducing the area 
available for the junction between the air shaft and 
fan-room. up to 40 ft. and more are often 
occasioned by this arrangement. 

(6) The fan compartments are often too narrow, 
thereby restricting the area of access to the inlets of 
the fans placed amidships. This could be improved 
by the side of the fan casing not reaching up to the deck 
of the fan-room, as this would make available the area 
between the fan casing and the deck, and reduce the 
velocity of the air. 

(c) The deck coaming on the intake shaft is sometimes 
carried a considerable distance into the fan compartment 
below the deck level. This coaming may be arranged 
so that it does not seriously restrict the area of the fan 
compartment, by making it narrow, or if deep by cutting 
away Or opening out. 

(d) Bearer girders and stiffening plates are a frequent 
source of restriction of area. These may have holes 
through the webs without seriously impairing their 
strength. 

(e) covers for the fan impeller inlets should fold 
back flat on the casings. They are frequently prevented 
from doing so by some obstacles on the plating behind 
them, or because the vertical stiffeners are situated close 
to the eye of the fan. 

(Sf) arrangement of the steam pipes also makes a 
great difference. As an example, a number of pipes 
one behind the other causes no greater reduction of cross 
area than one pipe, whereas side by side the reduction 
would be directly proportional to the number of pipes. 

() Sharp bends in the air shaft cause losses in speed 
and pressure, and bends should therefore always be made 
of large radius, or have.easy curves without any sharp 
corners. A particular instance where this is necessary 
is when the air passage is led under and in between the 
smoke uptakes. 

(h) The restriction of drea caused by stowing spare 
pret, lockers, electric’ distribution boxes and other 

pedimerits in the intake shafts should be carefully 
weighed against the convenience offered. 


rienced in obtaining the 





resent designed. In many classes of | P 





(j) Girders and angles, though not generally abnormal, 
sometimes cause a considerable restriction in the intake 
shaft, and where their presence is unavoidable they 
ought to be carefully encased in sheet steel shrouds of 
a stream-line aaa 

(k) The area of entry through cowl or hood to the 
intake shaft is frequently restricted, due to position, 
wry and height of neighbouring obstacles. 

(1) Restriction due to the interposition of gratings. 

Because air is invisible it is not generally sufficiently 
grasped that it is a body. The air passages should 
therefore be regarded as pipes or conduits for steam 
or water, and not as convenient open spaces performing 
no function. 

4. Deck Intake, Cowl and Weather Flaps.—The design 
of the deck intakes, with their cowls and weather flaps 
has been so greatly influenced by the requirements of 
ee from waves and spray in bad weather, that 
ess attention has been given to the proper admission 
of air without loss or restriction. Frequently the area 
of admission is found to be insufficient, or part of that 
rovided is ineffective. Also, the shape of the age 
of air into the shaft makes the entry difficult. m the 
weather flaps come into operation to shield against wind 
and sea, the entrance of air practically ceases correspond- 
ingly. The difficulty of getting the air into the shaft 
becomes greater as the speed of the ship increases, and 
trouble may be encountered, particularly on fast vessels. 
Many different types of deck intakes, including cowls 
and weather flaps, ve been tried, the design depending 
upon the situation of the intake and its surroundi on 
the ship, as well as the class of vessel and the work for 
which it is intended. 

A series of experiments has been made to establish 
the relative efficiency of different types of air intakes, 
including the designs generally in use, and also to discover 
the most efficient shape of entrance to conform to the 
natural line of flow. e essential requirement was to 
provide a guide which would perform the protective 
duty but at the same time induce the flow of air into 
the shaft, especially when partially closed against the 
weather. The design proposed to replace the existing 
shapes offers a marked improvement in efficiency, 
namely, 83 per cent. against 35 per cent. The com- 
parative tests are contrasted in Fig. 3. The theoretical 
curve of pressure drop due to velocity with perfect flow 
is given on the same graph, so that a comparison may be 
effected. The guides or shields are of stream-line 
section, and pivoted to the top of the air intake shaft 
so that they can be opened any desired amount. The 
stream-line weather flap fitted to cowl is illustrated in 
Fig. 5, and is contrasted with the shape of cowl and 
weather flaps fitted in the past, shown in Fig. 4. Two 
recent innovations, namely the centre guide and nozzle, 
are embodied in the deck entry, and are also shown in 
Fig. 5, the centre guide in the form of a deflector or 
inverted pyramid attached beneath the cowl top, and 
the nozzle providing a vena contracta flow at the entrance 
to the intake shaft. 

In explanation of the manner in which the centre 
guide and nozzle contribute to prevent loss of pressure, 
it has been proved that where these contrivances are 
not provided the whole of the space which they occupy 
is filled with eddy currents which are continuously 
absorbing energy. The reason for the formation of the 
eddies is partly that the direction of the air is changed 
on entering the shaft and owing to its velocity sweeps 
round the corners, and partly owing to the law of vena 
contracta for the flow of all fluids, either liquid or gaseous, 
at entrance or exit of duct. The centre guide and nozzle 
conform to the correct line of flow to prevent the forma- 
tion of any eddies. Another improvement to which 
importance is attached is fitting of the diaphragms, 
ena athwartships, sub-dividing the air intake shaft. 

en a ship is travelling at a high speed there is a 
tendency for the air to rush past the intake without 
being drawn in, and for the air which does enter to bank 
up in the after side of the intake shaft, with a consequent 
tendency to starve the forward fans. By fitting 
diaphragms the tendency to qual air supply fore and 
aft will be efficiently counteracted, and all the fans will 
receive their due share of air. 

5. Velocity of Air at the Eye of the Fan.—tThe velocity 
of air through the fan eye depends very largely on the 
design of the fan and the type of the driving motor. 
With an engine-driven fan the inlet eye can in most cases 
be made large —— to keep the inlet speed low without 
reducing the radial length of the blades too much. With 
a steam-driven turbine fan, in order to obtain an efficient 
turbine, the revolutions per minute must be kept fairly 
high, thereby reducing the fan diameter necessary for a 
given pressure. In order to keep an effectual radial 
length of blade the inlet eye must be reduced as com- 
pared with an engine-driven fan, and the entrance air 
speed accordingly increased. Since the introduction 
of the new design of fan, in the year 1910, the tendency 
has been to reduce the diameter of the fan still further. 
so as to economise in space required for the fan installa- 
tion. In order to obtain at the same time higher fan 
efficiencies, thereby reducing the driving power required, 
the velocity of the air at the eye must always be very 
carefully considered. It is generally desirable not to 
exceed a speed of 40 ft. per second. 

6. Necessity of Fitting Suitable Inlet Rings.—It has 
repeatedly happened that a fan has failed to deliver 
its designed output, and on examination this has been 
found to be due to an inlet ring badly fitted to the fan 
eye, or to.an inlet ring of unsuitable shape. It is, there- 
fore, important to give proper consideration to this item, 
and to pay attention to the following poe: () Correct 
clearance, (b) angle of entry, (c) avoi 

Greater clearance has i 








corners. a direct on 
the amount of leakage, i.c., on ee Se 
air from the pressure side to the jon side, and a 
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more direct influence on the air stream entering the 
fan eye, inasmuch as an increased |} e causes 
increased restriction to the area for the flow of the air. 

The angle of entry has an important effect on the 
efficiency of flow of air along the impeller vanes, as well 
as on the effective area of inlet to the fan eye. Sharp 
corners set up eddies. Different shapes of inlet ring are 
illustrated in Figs. 6 and 7, including one of recommended 
design with correct clearances. 

Fig. 6 shows a ring of normal section, which takes 
no account of the natural path of ‘the air entering the 
fan eye. In addition, the sharp corner is a source of loss. 

Fig. 8, page 664, shows the result on the air stream. 
The effective area of fan eye is reduced, the velocity of 
entry increased, and consequently the momentum of the 
air in the direction parallel to the axis of the fan. 

Fig. 7 illustrates an inlet ring designed on correct 


Fig. 1. 
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Fig.4. OLD TYPE COWL WITH FOUL WEATHER FLAPS 
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Fig.5.new TYPE COWL WITH FOUL-WEATHER FLAPS 
a WITH CENTRE GUIDE & NOZZLE 
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principles, which may yet be simply constructed, being 
made of steel plate flanged. 

Fig. 9, page 664, shows how the vena contracta is in- 
creased in area, and the velocity at entry thereby 
reduced. With the lower momentum and removal of the 
outer eddies, the radius of change of direction of the air 
becomes smaller. 

7. Stream-line Shuttere for Fan Inlets and their 
Infiuence.—Owing to the elastic nature of air a current 
is generally accompanied by a series of undulations and 
pulsations. The relative internal directions of motion 
at different parts of the stream may be examined at any 
required moment by the aid of instantaneous photo- 

raphy. In the case of air approaching the suction 
inlet of the fan this action has a marked influence. In 
centrifugal fans of high efficiency the vanes are so 
as ta coincide with the direction of the vectors 

of the compounded velocities of the air. Therefore 
since the vanes are fixed, in order that they may operate 
most efficiently it has been found desirable to guide the 
air at the entrance to-the fan-eye in parallel streams, 
normal to the fan inlet, and also to correct or dim the 
pulsations. The influence on the air is far more marked 








after its passage through the stream-line shutter than 
during the approach, and therefore the ye (see 
pege 668) do not show the full extent of the correction. 

vidence of the beneficial influence of the stream-line 
shutter is provided by tests. 

A series of tests was carried out on a comparative 
basis, and a fan equipment was selected which was fitted 
with a wire screen over the fan inlets under diti 


slat, and the ends of the levers are attached to a con- 
necting bar at the end of which is an operating lever 
and handle. The slats are preferably “ stream-line "’ 
in cross-section, and each slat consists of a bar of 
“‘stream-line ” cross-section, to which is riveted a thin 
metal plate. When the shutter is closed the end of one 
slat engages ay the adjacent slat, and makes an airtight 
tion with it. 





mentioned below. The output of the fan was first tested 
with this arrang t bsequently removed, and 
in place the stream-line shutter was fitted. The results 
are given in Fig. 11 recording the increase in air pressure 
and quantity of air. 

When a fan is stopped, the inlet eye is closed to prevent 
the air escaping from the boiler room through the 
stationary impeller back to the fan com ment. For 
this purpose there are provided hinged folding doors of 





TEST RESULTS ON MODEL FOR DECK INTAKES. 
SHAFT OF SQUARE SECTION. 


8. Loss of Air Pressure in the Boiler Room due to 
Vacuum at Fan Inlet.—If, in the passage from the top 
deck down to the fan inlet, a loss of air pressure occurs, 
say of 1 in. water gauge, due to sudden enlargements, 
high speeds and sharp corners, then in order to draw 
the air into the fan-room a vacuum of 1 in. must be 
produced by the fans themselves. Therefore, if a fan 
designed for 4 in. water gauge of pressure in the boiler- 
room has first to produce 1 in. water gauge of vacuurh 
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steel plate, and also loose covers, which have to be fitted 
and closed to make an airtight joint. The chief objec- 
tions to these doors are that, besides being inconvenient 
to construct, they are troublesome, and require much 
time to manipulate in practice, particularly in a ship 
installed with a large number offans. To avoid mislaying 
the loose covers, these are screwed against the fan casings 
when not in use, and much time is lost in consequence. 
Another serious objection consists in that the hi 
doors when open can seldom be made to fold back to allow 
free entrance of the air to the fan, owing to the vertical 
stiffening girders on the fan casings, or other members, 
with which they come in contact. 

When folding doors are fitted it is necessary to fit a 
wire guard to protect the impellers from articles which 
might be drawn in, and these guards further affect the 
air inlet to the fan. A great improvement in these 
conditions has been introduced with the fan-eye shutter, 
which replaces the loose and hinged folding doors and the 
wire guard. It can be opened or closed instantaneously 
by moving a handle. The shutter, illustrated in Fig. 10 
consists of a number of slats operated by a connectin 
bar or bars. A lever is attached to the pivot of eac 


‘Air Velocity in Shate; Feet per Second. 


in the fan ray ee ag order to wv ® nn Soe 
quantity of air throug air passages, then o| iv 
it can aly maintain 3 in. on the discharge side, i.e., in 
the boiler-room, instead of 4in. water gauge. Exhaustive 
tests have been carried out which prove that the air 
pressure in the boiler-room equals the total pressure 
exerted by the fan less the amount of suction at the fan 
inlet. The tests were conducted on a forced-draught fan, 
60 in. in diameter, and typical readings are as follow :— 























Dis- 
Cub. | Total | Suc- | charge 
R.P.M. | Ft. Air |Press.,| tion, | Press., _ 
per In. In. In. 
Min. | W.G.| W.G. | W.G. 
450 5,000 | 3-05 | 0-15 | 2-9 Suction open and dis- 
throttled. 
450 4,500 | 3-04 | 2-9 | 0-14 | Suction throttled and 
open. 
450 10,000 | 3-75 | 0-25 | 3-5 Suction y la 
charge t! 
450 9,000 | 3-74 | 3-5 | 0-24 | Suction throttled and 
discharge open. 














664 


ENGINEERING. 





[June 14, 1918. 








The results show that, for a given speed of revolution 
and quantity of air, the total pressure across a fan is 
constant, and if a resistance is placed in the fan inlet, 
causing @ rise in vacuum, there will be a corresponding fall 
in ars any ressure. It is therefore proved that :— 

1 in. W.G. vacuum on inlet side means 1 in. 
W.G. drop in discharge pressure. 

2 in. W.G. vacuum on inlet side means 2 in. 
W.G. drop in discharge pressure. 

3in. W.G. vacuum on inlet side means 3 in. 
W.G. drop in discharge pressure. 

The readings given in the table below are the outcome 
of tests on board ship, and they show that of the total 
air pressure which the fan installation on this ship is able 
to maintain at maximum output fully one-third is wasted 
in losses of flow through the intake shaft, making only 
two-thirds available for the boiler-room. 











Total 
Press. | Loss in |Press. in} Volume of Air entering 
R.P.M. | across | Intake | Boiler- Stokehold. 
Fan, haft, | Room, 
In. W.G.|In. W.G.|In. W.G. 
3) $2] 82 | S$ [84 pepentng on ry 
° . . on 
435 4-2 1*4 2-8 | io number of 
430 4-2 1-6 2-4 furnace flaps open. 
430 3-8 1-55 2-25 | MAx, 

















In view of the fact that the design of a ship sometimes 
necessitates high velocities and certain obstacles in the 
air passages, the possible losses produced should be 
allowed for when considering the design of the fan. 
Taking in consideration the characteristic curves of the 
performance of centrifugal fans, it would be desirable to 
meee! fans designed for increased air pressures, beyond 
that which is necessary for smokeless combustion, instead 
of increased quantities, as is frequently done, when 
there is any danger of airshortage. By this means there 
would be a reserve of pressure to overcome resistances in 
intake oe ay if they occur. At the same time a 
greater supply of air to meet emergency conditions 
would still be available. 

9. Increase in Steam Consumption of Fan Installation 
due to Vacuum at Fan Inlet.—From the many steam 
consumption tests which have been made from time to 
time on various sizes of fans and engines, it may be taken 
that the increase in the steam consumption of fan 
installations is about 20 per cent. due to 1 in. vacuum 
on the inlet. This loss is considerable, especially with 
large numbers of fans, and shows the necessity of reducing 
the vacuum on the inlet side to the lowest possible limit. 
An example of a steam consumption table for an engine- 
driven fan is given below :— 
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445 | 150] 25 | 23-4 | 2,784] 98-0] 4-5 | 40,000 
400 | 127] 25 | 20-4 | 2/237] 109-0] 3-7 | 35,000 
350 | 108] 25 | 13-8 | 1,788 | 129-5] 2-9 | 30,200 
300 85 | 25 | 8-87 | 1,282 | 144-0 | 2-15 | 26,100 
250 70| 25 | 5-4 942 | 174-0 | 1-55 | 22,200 
200 54] 25 | 2-6 620 | 238-0 | 0-96 | 17,100 
150 42} 25 | 1-11 390 | 351-0 | 0-55 | 12/700 
100 34} 25 | 0-356] 285 | 660-0 | 0-26] 8,850 





10. Increase in Out due to Properly i 
Casings.—A number of tests have been made which 
prove that the performance of a fan is considerably 
improved in output as well as efficiency if attention is 
given to the design of the fan casing, and to the discharge 
of the air from the fan case. Where fan casings are 
wipe it is of the utmost importance that they should 

constructed as a volute form, designed specially to 
suit the exact conditions for each ship, which are governed 
by Sane of air to be delivered and the air pressure 
required. The following tests, carried out on various 
sizes of fans, illustrate the importance of correct design 
of casing. 

Test No. 1.—The fan was tested in a volute casing of 
a considered design, and tests were also carried out in 
an apne Apne casing which had not received the 
same careful study with a view to maximum output. 
The results, illustrated in graphical form, Fig. 12, show 
that the output was approximately 10 per cent. greater 
at normal duty with the improved design than with the 
ordinary volute, when fitted to the same fan running 
at the same speed. 

Test No. 2.—The fan was first tested in a concentric 
casing. Secondly, the same fan was tested in a casing 
of volute shape. The improvement effected by the 
second test over the first amoun sed to 30 per cent. in 
output, and 9 per cent. in efficiency (efficiency being 








raised from 36-8 per cent. to 40-3 per cent.). The 
average readings are given from the tests. 
qeentey. Pressure, Fan 
R.P.M. ib. Ft. | In. W.G.. | Efficiency. _ 
per Min. 
450 10,600 2-08 36-8 Concentric casing. 
450 13,800 2-06 40-3 Volute casing. 














Test No, 3.—The fan was tested in a concontric casing 
without volute, and also in the same casing with a volute 


introduced. The superiority of the volute casing over 
the concentric casing amounts to approximately 70 per 
cent. in output, and 20 per cent. in efficiency. Average 
readings are given from the tests. 








Quantity, | Pressure, Fan 
R.P.M. | Cub. Ft. | In. W.G. | Efficiency. 
per Min. 
510 27,600 4-95 42-0 
515 28,700 5-00 43-0 Concentric casing. 
523 30,600 5-10 43-7 
496 42,750 5°35 64-8 
492 $1,000 6-00 66-8 Volute casing. 
497 25,200 6-20 64-3 

















Numerous comparative results have been recorded, from 
which the readings quoted have been selected to illustrate 
the value and emphasise the importance of the question 
of the fan casing. 

1l. Arrangement of De 3 on Fan Casings.—When 
several fans are placed side by side, as is often the case 


Fig.9. 
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in the fan compartment of a boiler-room, it is found that 
some of the air delivered from one fan obstructs the 
delivery of air from an adjacent fan, thus diminishing 
the output. This objection is o 1e by the employ- 
ment of guides or deflectors of special form. When two 
adjacent fans are revolving in opposite directions the 
guide or deflector is of a form resembling a four-sided 
prism with concave faces. Where fan casings are fitted, 
two of these faces form continuations of the curves of the 
two casings, the edge formed by them being situated 
between the two impellers at or near the point where 
they are nearest to each other, whilst the opposite edges 
of faces are each in close proximity to its impeller. 
The other two faces of the prism form guides which turn 
the two meeting currents of air more or less through a 
right angle, and so cause them to flow together away 
from the fans, as illustrated in Fig. 13. When the 
adjacent fans revolve in the same direction the deflector 
is three-sided, one edge, as before, being situated between 
the impellers, the two faces meeting at that edge being 
continuations of the curves of the casings, whilst the 
third face forms a guide which directs the air from one 
impeller into the same direction as the stream delivered 
from the other impeller, as shown in Fig. 14. 

The result on the air streams issuing from a fan casing, 














with deflector fitted, is illustrated in Fig. 15. Without 








deflectors, after concussion of the opposite streams, the 
air in its endeavour to follow @ natural path tends to 
form deflecting planes by the formation of eddies. The 
deflector saves both the shock caused by opposing 
streams and the energy absorbed in the eddies. — re 
fan casings are not fitted, the form of deflector is more 
dependent upon individual circumstances. Thus, if 
a as runs close to a bulkhead or discharges into a corner 
formed by the ship’s structure, or if part of the periphery 
runs near some obstacle, the improvement in output 
and efficiency due to fitting an effective deflector is very 
appreciable. age 8 

ests were also carried out on board ship with a plant 
where fan casings were not installed, to ascertain the 
effect of fitting deflectors. The arrangement of fans in 
the boiler-room on trial was as shown in Fig. 16. It 
will be noticed how the direction of rotation is responsible 
for banking the air up into the recesses formed by the 
deck above and the air-lock at AA. The rotation was 
then reversed, and deflectors were fitted as shown in 
Fig. 17. The effect of the reversal was to make the 
confined spaces act to some extent as volutes instead of 
as air pockets. The deflectors which were fitted had 
been designed to suit the position, surroundings and 
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rotation of the fans. Two series of readings were taken 
on this ship before and after fitting deflectors, which are 
plotted on the graph, Fig. 18. The improvement effected 
with the deflectors is represented by the area between 
curves Band D. Deflectors have been proved to be of 
greatest value when the output of air is large or the 
velocity of the air is high. This necessarily follows, 
since both conditions are interdependent and have a 
tendency towards high resistance of flow, which calls 
for high-pressure drop; thus, for any particular ship 
the benefit derived would be most when the demand on 
the fans is ata maximum. In comparing different ships, 
the larger the quantity of air supplied, or the higher the 
velocities of air currents, the greater will be the saving 
effected by the deflectors. 

From experiments carried out on speed trials several 
valuable observations were recorded by means of the 
ribbon test. It was found that some of the air leaving the 
fan at high velocity went straight to the furnace doors. 
These streams may be of great value if guided correctly 
by deflectors ; the losses are then the minimum possible 
under any conditions, as there are no losses at all inci- 
dental to the conversion of velocity to pressure energy 
and back again. The rest of the air leaving the fans 
supplies the storage of air in the boiler-room, that is to 
say, its velocity is changed into pressure energy, which 
is converted as demanded by the pressure difference across 
the boiler into the required velocity of air passing through 
the furnace doors. storage pressure in the boiler- 
room produces low-velocity streams radially to the 
furnace doors from all directions. Considering the value 
of the high-velocity streams described, much benefit may 
be derived from avoiding, where possible, any obstacle 
being placed near the periphery of the impeller. 
Deflectors should always be arranged so as to guide the 
streams of air in a correct and natural path. Deflectors 
should be fitted as close as possible to the periphery of 
the fan impeller, only allowing a running clearance of 
about | in. guard round the fan, which has a 
greater clearance, should be fitted afterwards. Since 
the velocity of the air streams are highest as they leave 
the fan, the momentum of the air streams is then at a 
maximum, and deflectors, which act as a guide to the 
streams, can be applied with the greatest effect. Recent 
observations have demonstrated the value of long 
deflector plates as compared with short ones, and where 
there is room for them it is desirable to have long plates, 








June 14, 1918.] 


ENGINEERING. 


665 








THE AIR 





Fig./6. WITHOUT DEFLECTORS, ORIGINAL ROTATION. 
ARROW HEADS SHOW STUNTED AIR STREAMS. 
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Fig.17. WITH DEFLECTORS, REVERSED ROTATION. 
ARROW HEADS SHOW DEFLECTED AIR STREAMS 
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so as to deflect the streams of air gradually, and also to 
act as guide for a greater distance. 

12. Direction of Rotation of the Fans. Influence on 
Distribution of Air in the Boiler-Room.—In the dis- 
position of a group of fans in the boiler-room little or no 
consideration has in the past been given to the influence 
which direction of rotation of the fan has on the uniform 
distribution of air in the boiler-room. It is generally 
assumed that the pressure which the fans create in the 
boiler-room is sufficient and uniform enough throughout 
the boiler-room to supply all the furnaces equally with 
air. The air currents, however, caused by the discharge 
of air from the fan casing, and also from the periphery of 
the fan itself where it is open to the boiler-room, are so 
considerable with the latest types of fans, which have to 


work against a considerably higher air pressure than | 


formerly, that consideration has to be given to the 
possibility of such air currents blocking the passage of 
air to the extreme parts of the boiler-room. The lifts 
and air locks reaching down into the boiler-room from 
the fan compartment add considerably to the difficulty 
of getting the air uniformly distributed. It will be 
realised that the furnaces of the boilers placed amidships 
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| which occurs in many different parts of the world, and 
| varies to some extent in composition. Practically the 
same material is obtained by the distillation of oil shales 
and some classes of coal. tever its source, petroleum 
oo consists of a mixture of different hydro-carbons 
| capable of being more or less completely separated from 
jeach other by fractional distillation. The theoretical 
| quantity of air required for complete combustion of the 
| fuel is based on the precise amount of oxygen which that 
air contains, and assumes that as the air passes t! h 
the boiler the whole of this oxygen is completely 
| extracted, and combines with the gases given out by 
| the fuel. Such a condition, of course, is never reached in 
practice, as each particle of air cannot be brought into 
| contact with the fuel at the correct temperature, and 
| for a sufficient length of time. The amount of excess 
air required depends upon the type of oil burner, design 
of boiler, and the conditions of combustion. To arrive 
at the amount of air — in practice the theoretical 
amount must be multiplied by a factor which is usually 
found to be within the range of 1-6 to 2-5, that is to say, 
the volume of air as measured at normal atmospheric 
temperature and pressure required for the combustion of 
1 Ib. of oil fuel is from 250 cub. ft. to 450 cub. ft. 

14. Progress in Fan Design.—Until a few years ago 
there were certain rules which were generally accepted 
and applied for the size of all machinery placed on board 
ship. In the latest ships, considerations of weight and 
space, and also of wn &y working, have ome 
of such vital importance that increasing investigation 
has been devoted to obtain the maximum output ible 
with a fan installation of minimum weight and s . 
| absorbing as little power as possible for a specified duty. 

There are always limiting factors to the increase of 
| efficiency, and to the reduction in size; the greater the 
| improvement achieved the more difficult it is to make 
|further appreciable strides towards reaching the limits. 
| Generally speaking, with the ever-i ing air pr . 
| and consequent greater air velocities through the fan 








are plentifully supplied with air, whilst the furnaces | vanes, together with the large volumes to be dealt with, 
situate at the wings do not get such a direct and ample |in order to achieve a maximum all-round efficiency, 
airsupply. Considerable improvements in this direction | great attention has to be given to the design of the vanes 
can often be achieved by regrouping the fans, and | of modern fans, so as to make the air streams passing 
reversing the direction of rotation of the fans, thereby leone = them follow as closely as practical limitations 
obtaining a uniform supply over the whole width of the | will allow the laws of dynamics with due consideration 
boiler-room. of the physical properties of the medium one has to deal 
13. Oi Fuel. ntity of Air Required for Com- | with. 
In conclusion, the author would remark that he has 


Qua: 
bustion.—Most liquid fuels are derivatives of petroleum, 
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only treated the subject very briefly, as the results of 
the r h work t under prosent circumstances 
be presented as fully as would otherwise be the case. 
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We supplement the illustrations in the paper by repro- 
ducing, on page 668, the tag oe exhibited as wall 
diagrams at the meeting of the Institution. Figs. 19 and 
20 show the air flow at the fan inlet demonstrated by 
long ribbon tests. These are from actual pho hs, 
the exposure being 24 minutes. The following table gives 
the results :— 




















Air Velocity Lost Air 
in Inlet Pressure. Flow. 
Fig. 19. Without /45 ft. per sec./ 0.3-in. water |Pulsating and 
stream-line shutter gauge und ng 
Fig. 20. With 45 ft. per sec.|0.00-in. water} Regular 
stream-line shutter gauge 





Figs. 21 and 22 showthe air flow at the fan inlet by 
means of short ribbons which were suspended on wires. 
These also are from actual photographs, the exposure 
oven) gs aa - instantaneous namely, y{yth part of a 











second. The following table shows the results :— 
Air Velocity Lost Air 
En in inlet. Pressure. Flow. 
Fig. 21. Without (45 ft. per eec.| 0.3-in. water; Pulsating 
stream-line shutter gauge 
Fig. 22. With 45 ft. per sec./0.00-in. water, Regular 
stream-line shutter gauge 











Fig. 23 shows the inlet and Fig. 24 the air flowthrough 
the weather flaps again as demonstrated by long ribbons. 
The exposure in this case was 3 minutes. The results of 
illustrations Figs. 23 and 24, are as follow :— 














Air Velocity Lost Air 
Sere in Shaft. Pressure Flow. 
Fig. 28. Old type |30 ft. per eec.|1.45-in, water} Contracted 
intake gauge 
Fig. 24. Intake with {30 ft. per sec.|0.28-in. water) Convergent 
stream-line flops, | gauge 
centre guide & nozzle, 





Figs. 25 and 26 show the stream-line shutters fitted to 
the fan inlets of a double-ended set the end walls of the 
fan compartment having been removed for more clearly 
illustrating the arrangement. Fig. 25 shows the shutter 
open, and Fig. 26 the shutter closed. 





Tue Junior InstiTUTION OF ENGINEERS.—On Monday, 
June 24 next, Sir Wilfrid Stokes, K.B.E., will deliver 
the third Gustave Canet Lecture at the Lecture Hall 
of the Institution of Civil Engineers, Great George-street, 
at 6 p.m., taking for his subject the Stokes gun, one 
that is very appropriate, c ering the eminence of the 
late M. Gustave Canet as an artillerist. Tickets for the 
lecture may be obtained (free of charge) from the 
Secretary of the Institution at 39, Victoria-street, 8.W.1. 
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THE STABILITY OF AEROPLANES. 


To rue Eprror or ENGINEERING. 

Srr,—On re-reading my article of May 3 in the light 
of the criticisms in your issue of June 7, I see that there 
was an error of wording in the article, and that most of 
the criticisms on the proof as it stands are just. I thank 
my critics for pointing this out, and am sorry for the 
trouble I have caused them. 

The error is this. The sentence, early in §3, “‘ Let 
now the velocities .. . be (— U +14, v, w) parallel to 
Oz, Oy, Oz” should read : ‘ Let now the velocities . . . 
be (— U + u, v, w) parallel to its principal axes,’’ With 
this correction I believe that the proof is sound; the 
equations do not disagree with those given by Messrs. 
Cowley and Levy for fixed axes (my v pe w are, of course, 
not the same as their v and w ), except that they have 
taken the forward velocity of the aeroplane to be — U 
instead of U, a convention introduced by some of the 
earlier workers on the subject, who were thinking 
chiefly of models in wind tunnels, 

It was Routh (‘‘ Advanced Rigid Dynamics,” 6th 
edition, 1905, § 15) who drew attention to the simplifica- 
tion that occurs when a system of moving axes never 
deviates far from its mean position, and who recommended 
(§ 156) the use of fixed axes in such circumstances for 
the study of small disturbances. Routh was concerned 
with sleeping tops; I have adapted his method to aero- 
saws, ine aeroplanes, unlike tops, have finite linear 
motion, the linear equations n special treatment. 
It is in the discussion of the angular motion of aeroplanes 
that Routh’s method is valuable, and it is the angular 
motion that students find most difficult. 

Another criticism is that “‘ my treatment is restricted 
to a very special case, viz., where the machine is flying 
ut a particular angle of attack.”” In theory, this is true ; 
but in all practical aeroplanes, as I indicated in § 2, k? £ 
is negligibly small compared with k? a and k? ©, for all 
angles of attack occurring in horizontal flight, and hence 
this criticism loses its foundation. 

Iam glad that Messrs. Cowley and Levy agree with me 
on the importance of meeting the need of engineers, 
forcibly expressed by Mr. Barling in your issue of June 7, 
for a simple proof. 

Yours faithfully, 
A. WEBB. 

“‘Southcote,” Blackwater, Hants. 





COAL ECONOMY AND NATIONAL HEALTH. 


To THE Epiror oF ENGINEERING. 

Srr,—Lord Moulton, speaking at the annual conference 
of the Institution of Gas Engineers, is reported as having 
urged that gas and electricity should be placed on an 
even footing, and charged for in proportion to the 
amount of energy (heat) supplied to the consumer. 
This would mean that a quantity of gas or a quantity of 
electric energy, each equivalent to the same quantity 
of heat units, would cost the consumer the same amount 
of money. 

On this basis, if electricity were charged for at 1d. 
per unit, then the price of gas would have to be about 
12s, 6d. per 1,000 cub. ft. bt the heat produced by the 
gas, only a substantially-reduced proportion can be 
usefully applied to the needs of the consumer, whereas 
in a well-designed electric fire or oven, there is very 
small waste of heat. This fundamental difference is due 
to the inherent necessity of maintaining a draught 
during the burning of the gas, which draught carries 
away, into the outside air, a varying proportion of the 
heat produced by the gas flame. Owing to this inseparable 
waste in connection with gas-produced heat, it would 
ga that gas must always sold at a lower price 
than electricity as measured by their respective gross 
heating values, because the net heating value of gas to 
the consumer is inferior to the net Euating value of 
electricity. 

If Lord Moulton is correctly reported, he would seem 
to be advocating conditions that would give gas a very 
poor chance in the market, because it is inconceivable 
that anyone would use a gas fire on such terms of pay- 
ment. The framers of the new scheme for rationing 
coal gas and electricity have based their alternatives on 
soul lines, and whether intentionally or not, allowance 
is made for waste of gas-produced heat. We are permitted 
to purchase either 750 heat units from the gas works, 
or 273 heat units from the electricity works, but the 
net value of these to the consumer will not be in anythin 
like the same proportion. A mere statement of this kind 
is valueless without some evidence to support it, and I 
will, therefore, cite, as an example of the extraordinary 
economy of electrically-produced heat, a test that I 
recently made of an electric furnace for tempering steel, 
I found that I was able to maintain the required tem- 
perature of 900 deg. C. for one hour, with electricity 
equivalent to 6,000 heat units (exactly 5,971), whereas 
the gas-furnace makers, for a furnace of the same size, 

uire a consumption of gas equivalent to 75,000 heat 
units, which means that 69,000 gas-produced heat units 
maust be blown away to waste in warming the wide world 
instead of the furnace. In this calculation, I have 
assumed that the value of the gas is 500 heat units per 
cub. ft., which is a fair average value. 

This peat me to the main point that the 75,000 heat 
units would call for the carbonisation at the gas works 
of about 30 Ib. of coal, against only about 6 Ib. of 
greatly inferior coal used at the electricity works in 
attaining the same result. Fortunately, the fine quality 
coal used at the gas works yields coke and other valuable 
material for explosives and agriculture; and from the 
national point of view, the gas works to-day are most 
important. That is no reason, however, why we should 
use gas for heating and cooking in a wasteful manner, 


when it could be very much more efficiently and bene- 
ficially employed in developing power in a gas-engine. 

A few words should be spoken into the public ear from 
the point of view of national health. Gas fires have met 
with considerably-advertised testimony from medical 
men, but these all insist that the gas fires must be 
“ properl .”" In other words, the flues must be 
kept clean, and free to carry away the products of com- 
bustion. In my own home, where I have electric fires, 
as well as the previously-fitted gas fires, I have had to 
lengthen the flue pipes, and these should project at least 
12 in. up the chimney. As originally fixed, the flue pipes 
terminated under, and did not project into the chimney 
at all, and the atmosphere of the rooms soon became 
oppressive and unhealthy. This objectionable feature 
has been largely remedied by the alteration. I wish 
strongly to emphasise the view that the country is pes 
gas to the wrong purpose in using it for heating an 
cooking, and we are thereby wasting coal. 

I am, Sir, yours faithfully, 
C. Orme BastTIAn. 
185, Wardour-street, Oxford-street, London, W. 
June 11, 1918. 





GUN EROSION. 
To THe Eprror or EXGINEERING. 

Sir,—The article, in your issue of the 7th instant, on 
gun erosion, is very interesting. 

The cracks in the bore of a are caused, no doubt, 
in the way put forward by Professor Howe. May I 
suggest that these cracks continue to enlarge, and lead 
to the destruction of the inner tube, for the following 
reason :— 

The copper trom the band of the projectile is driven 
into the crack, as explained by Professor Howe—but 
the copper cannot escape, as it is held tight by the 
contraction of the tube due to the subsequent cooling. 
When the next shot is fired, the cracks again pane. § 
and more copper is driven in. This process is repeated, 
until the inner tube is destroyed by the continued 
enlargement of the cracks, if not by erosion. 

I may point out that a similar state of things occurs, 
when the arch of a brick-kiln is destroyed, by being 
forced upwards. On firing the kiln the arch expands, 
the outer joints of the brickwork open slightly, and sand 
and other foreign substances drop into these open joints, 
and cannot escape. This operation is repeated each time 
the kiln is used, until the cracks become so large that 
the arch is distorted and can no longer support itself. 
I have known brick arches destroyed in this manner 
after kilns have been in use for a very short period, where 
sand has been used as a covering. This is especially the 
case in arched kilns used for burning blue bricks, due 
to the fact that, in this instance, the temperature required 
is much higher and must be maintained for a longer 
time. 

Yours faithfully, 


London, June 12, 1918. Henry Warp. 





PAYMENT BY RESULTS. 
To THE Epiror oF ENGINEERING. 

Sir,—Mr. Ramsay, in your issue of May 31, repeats 
in his opening statement a fact which has been acknow- 
ledged and reiterated again and again. The conclusion 
at which he arrives may or may not appeal to scientific (?) 
students of labour economics, but it is sensible. The 
undersigned has often wondered whether almost every 
article, paper and book written on “‘ Payment by Results ” 
is seriously intended to further this ideal—it is also 
practical—or is simply an effort in the art of camouflage. 

Without going into the details of ordinary (or extra- 
ordinary) premium or bonus systems, it is surely absurd 
to say that if one produces more than the average attain- 
ment, he is receiving payment by result if he is paid less 
per unit. It should also be apparent that an exceptional 

ical argument is required to convince one that 
the more he produces in a given time the less he will 
get per unit, is in accordance with ‘‘ payment by result ” 
—uniless he is to understand the expression as effective 
only in the direction of penalty. 

It is no doubt commercially sound policy to sell 
certain articles in large quantities cheaper than in small 
quantities, provided supplies are plentiful, but labour 
operates differently. As Mr. msay pointed out, 
increased output cheapens production cost, increases 
profit, and—improves the competitive position. It 
involves no abstruse mathematical calculations to prove 
these statements. 

If the principle of ‘ payment by results” is acknow- 
ledged, it should be straightforwardly adopted ; other- 
wise it is difficult to confute Ruskin’s dictum: “If we 
once can get a sufficient quantity of honesty in our 
captains, the organisation of labour is easy, and will 
develop itself without quarrel or difficulty ; but if we 
cannot get honesty in our captains, the organisation of 
labour is for evermore impossible.” 

Incidentally, might it be suggested that the words 
“seientific psychology,”’ &c., should be given a rest ? 


Yours mae ms i 
W. J. Grosarrt. 


** DUMPING.” 
To tae Eprror or ENGINEERING. 

Smm,—‘ One who doesn’t know” asks in your last 
issue who is to pay for protecting our industries? It 
might enlighten him if he would consider who is paying 
for the war-time extension of our steel works, for the 
opening-up of our neglected iron mines, for the creation 
of tungsten works, for the erection of optical glass works, 
for the working-out of synthetic chemical problems, for 
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researches in fire-resisting bricks, in short, for the 


creation of a number of new industries under frightfully 


e ive conditions. 

imagine from his letter, he is a Cobdenite, and, if so, 
he holds a strongly logical position, provided all Cobden’s 
assumptions be true. Cobden held that each country 
should manufacture such articles as it was best fitted 
to produce, and that it should buy from other countries 
what they could best produce. This assumes that every 
country will do business on commercial principles, but 
it does not cover the case of a country which, while 
buying and selling, is always looking forward to “‘ the 
day ” when it can throw its sword into the scales, and 
demand its weight in gold. The German public paid 
millions to supply us with dumped steel, but for every 
million they expected to get ten millions, either from us 
or from our Allies. Although the speculation has failed, 
it was very promising at one time. But how far will 
‘the money we saved i using dumped steel go towards 
defraying the cost of the war? Will it pay two days’ 
expenses ? 

Yours truly, 
““Trmgo Danaos ET DonA FERENTES.” 





NOTES FROM THE SOUTH-WEST. 
CarpiFrr, Wednesday. 

The Local Markets.—The shortage in the supply of 
nearly all classes of coal is as pronounced as ever. 
Appeals to the miners te increase outputs do not prove 
very effective. Business on private account is, therefore, 
almost infinitesimal. Attention is drawn to the fact that 
on the Tyne ordinary trading is being allowed on a fairly 
substantial scale, and that on current transactions with 
neutrals, prices are being realised which are nearly double 
those scheduied in the Coal Controllers’ directions. There 
are on the Cardiff market inquiries for one or two neutral 
destinations, but merchants are unable to obtain any 
guarantee that coals sold by them will be released, and 
there is no immediate prospect of improvement in this 
t. Pitwood supplies are abundant, and there is 
no complaint from the iron works of any scarcity in the 
supply of iron ore, of which, by the way, increasing 

quantities are being obtained from native sources. 


Newport.—There is now an appreciable improvement 
in the situation in the Monmouthshire coalfield, and the 

its are kept going to their fullest extent, both in the 
astern and Western Valleys. At the beginning of the 
week a little more coal was standing on the sidings than 
has recently been the case, but the stocks were quickly 
depleted, and collieries continue to find it very difficult 
to cope with the demand. The work of distributing coal 
for inland consumption is-a source of constant trouble 
to the District Coal and Coke Supplies Committee, but 
al] the most urgent requirements are being met with 
the greatest possible measure of despatch. 


Miners’ Wages and Outputs.—A series of statistical 
tables and diagrams, which have just been issued by the 
Statistical Department of the Monmouthshire and South 
Wales Coalowners’ Association, throw an interesting 
light on the course of wages and production of coal in 
the South Wales coalfield. The fact seems to be clearly 
established that there are close inter-relations between 
the wages earned by the miners and the quantity of coal 
produced per person employed underground. Indeed, 
the fundamental principle established by these tables 
is that the higher the wage, the lower the output, and, 
conversely, the lower the wage, the higher the output. 
The year 1899, for example, was a year of low wages. In 
that year, the average output per person employed in the 
United Kingdom was 381 tons. The year 1901 was one 
of high wages, and in that year the average output 
declined to 340 tons. The general wage rate in the South 
Wales coalfield in 1899 stood at 23-95 per cent. on the 
standard rates of 1879, and with the general wage rate 
at that low level, the average output per person employed 
underground was 356 tons. Two years later, on a general 
wage rate of 73°33 per cent., the output per person 
employed underground declined to 307 tons. The same 
feature characterises the returns for the present war period. 
Thus, in 1915, when the general wage rate stood at 78-05 
per cent. on the standard rates of 1879, the output per 
person was 297 tons, while in 1917, with a general wage 
rate of 133} per cent. the output fell to 262 tons. It is 
therefore, pointed out in connection with the miners’ 
new wage demand, that high wages become an evil 
when they have a prejudicial effect on output; and, of 
course, the main need of the country now is for more 
and more coal. 


Arrears of Contract.—Colliery salesmen received com- 
munications yesterday from the Controller’s Coal Contract 
Arrears Committee, informing them of the decisions of 
the Committee with regard to the cancellation or other- 
wise of the contracts entered into prior to May, 1917. 
In his instructions of July last, the Coal Controller 
informed them to take into consideration the following 
cireumstances :—(1) Whether the coal was already sold 
abroad (or, in the case of bunkers, to shipowners) prior 
to June 29, and there was an obligation in the contract 
to deliver; (2) Whether arrears were due to colliery 
owners’ fault or arrangements with colliery owners ; (3) 
Whether any deliveries were made during the three 
months ended June 29, 1917; and (4) Whether the 

urchaser, while failing to take delivery, had bought 
improperly elsewhere. The Controller did not question 
the right of the purchaser to the delivery of arrears in 
the first two cases, but the others were to be decided 
on their merits, and in September he issued supplementary 
instructions for the consideration ot these latter cases. 
In the decisions announced yesterday the Committee 
have cancelled arrears in a number of cases; they have 
permitted them in others; and in a few cases have 
asked to be supplied with the contracts themselves 





before giving their decision. 
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NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Scotch Steel Trade.—In the steel trade, matters stand 
much as they did a week ago—if anything, the pressure 
is easier, and manufacturers have better able to 
meet the demands made upon them. Although, of course, 
brisk business still rules, fresh contracts would now be 
willingly undertaken at many of the steel-making 
cstablimnants in the West Scotland. One factor 
which has contributed to this state of affairs is that the 
shipbuilding material mired in connection with the 
construction of the standard vessels, authorised by the 
Shipping Controller for the mercantile trade. has been 
so well pushed forward that the output of tonnage has 
been considerably increased. All being well, the chances 
are that, very shortly, there will be made heavy 
demands upon shipbuilders, who, in turn, will rely 
greatly upon steel makers for a speedy and constant 
supply of the required quantities of steel. When this 
comes along, there is every reason to believe that the 
activity will continue for some considerable time. At 
the moment, finished and semi-finished material is in 
great request—sectional material ship and boiler plates 
being most important. Export is still a very minor 
quantity, being represented mainly by some small ship- 
ments to. the French Government and the Indian State 
Railways. 

Malleable Iron Trade.—Both in their iron and steel 
departments, malleable-iron makers are as busy as it is 
possible for them to be, and the pressure for delivery is 
intense. Work of national importance has first claim, 
so that the entire output is —s absorbed by 
consumers engaged on official contracts, the larger 
sections being greatly in demand. With the exception of 
a few odd lots being despatched to the Allied Govern- 
ments, export business is meantime a “ dead letter.” 

Scotch Pig-iron Trade.—Ceaseless activity continues 
to dominate the pig-iron industry, indeed, this, naturally, 
prevents the accumulation of any stock, and consumers 
have to be content with the supplies meted out to them. 
As in the sister industries, export is decidedly off, with 
the single exception of Goyernment work overseas. 
No change in price has, as yet, taken place. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Cutlery Trade and Recruiting.—The cutlery trade will 
be appreciably affected by the latest schedule of trades 
to release more men for the Army. All Grade I. men 
are to be called up, if born in or after 1883, in the case 
of foremen, or in or after 1880, in the case of forgers, 
grinders, cutlers, scissor setters, hafters and razor 
whetters-off. The other Grade I. men in the trade will 
be called up if born in or after 1875. 


Manufacture of Small Tools.—General dissatisfaction 
has been occasioned in commercial circles in Sheffield 
by the order recently issued by the Ministry of Munitions 
prohibiting the manufacture of small tools without a 
license. © new order gives to the term “small tools” 
such a broad meaning, that its effect in Sheffield would 
be pretty wideapeead ; and general objection has been 
raised against the circumstantial data which are required 
from every firm before the necessary permit to manu- 
facture can be obtained. An application for a license 
must be accompanied by voluminous details relating to 
trade during the past six years. So great is the local 
— to the new regulation, that although the 
order: actually came into force a week last Saturday, 
manufacturers are proceeding as though it were non- 
existent, and active steps are being taken to have the 
order withdrawn, or to have its requirements very 
substantially modified. The matter was before the 
Sheffield Chamber of Commerce on Monday evening, and 
it was clear that they considered the requirements of 
the order were of a most inquisitorial nature, and would 
involve a great expenditure of time by accountants 
in order to produce the particulars demanded. The 
Chamber have written to the Associated Chambers of 
Commerce, asking them strongly to protest against the 
introduction of the order. ufacturers have asked 
the Ministry to receive a deputation on the matter, 
and they have informed the Department that they are 
not prepared to work under the new order. Up to the 
time of writing, however, their request for an interview 
had met with no response. In local manufacturing 
circles, bitter complaint is made that instead of the 
trade being first approached, the Ministry, without any 
preliminary whatever, simply launched the scheme upon 
them on the day it was to come into operation. 


_ Iron and Steel.—For sometime now, the conditions 
in the steel trade generally have been tending towards 
an @asier state of things. At present one cannot describe 
the heavier departments as being slack, although they 
are much less busy than they have been in earlier 
inonths ; but in the lighter section of the trade, there 
is @ marked quietness prevailing. For a considerable 
period the openhearth plant been persistently 
augmented, and now, orders are being executed with 
much greater celerity than was the case in meeting the 
heavy requirements which have been called for during 
the past two years. Indeed, it would seem that makers 
have been so fully employing their resources that they 
have not only put themselves in a position readily to 
supply current needs, but also to create the establishment 
of @ reserve of stocks, which should be equal to the 
biggest em cy which the next few months might 
bring. The pi ing on the market of considerable quan- 
tities of steel originally meant for Russia, is reacting 
upon the fF seeming of crucible steel, and there is a 
Prospect easy conditions remaining in this class of 
trade for some time. Rolling mills and forges are all 
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busily occupied. The supply of scrap is somewhat 
unsettled. Some descriptions are easily obtainable, 
while others are decidedly scarce. The shortage of 
foundry iron has caused a run on good cast-iron scrap ; 
and there is a capital market for all the good heavy steel 
scrap coming forward. Tool shops are working to the 
utmost of their capacity, and there is also great activity 
in the manufacture of files and circular saws, there being 
a marked demand for the latter from Colonial markets 
for wood-cutting purposes. 


South Yorkshire Coal Trade.—Except that it is more 
difficult than ever to obtain deliveries, the general 
situation has not changed. The reduced output is nothi 
like commensurate with the demands, and even th 
the bulk of it is fastened up under contract account, 
supplies are quite unequal to the requirements, The 
demand for best steams among all classes of consumers 
remains very high ; shipping calls have increased a little. 
Cobbles, nuts and slacks, are coming forward very 
tardily, and are all ear-marked for contractors. There 
is a lively 7 for gas fuels for works. The demand 
in the household coal trade is great, and merchants 
complain of a general sho: All classes of coke are 
bringing maximum prices. ominal prices at the pit 
are as follow :—Best branch handpicked, 238. to 24s. ; 
Barnsley best Silkstone, 238. to 23s. 6d.; Derbyshire 
best brights, 21s. to 22s. ; Derbyshire house coal, 18s. 6d. 
to 19s. 6d.; small nuts, 17s. 6d. to 18s. 6d. ; Yorkshire 
hards, 18s. 6d. to 19s. 6d.; Derbyshire hards, 17s. 9d. 
to 18s. 9d.; best slacks, 14s. to 14s. 6d.; seconds, 13s. 
to 13s, 6d.; smalls, 9s, to 10s, per ton at the pit. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLEsBROUGH, Wednesday. 

The Cleveland Iron Trade.—Much firmness continues 
to characterise the pig-iron market, and with facilities 
for delivery still oy et June distribution by rail 
promises to be the heaviest of any month this year: 
whilst, as more tonnage is available, shipments are 
larger. Home demand for foundry iron is heavy and 
continuous, all the northern foundries being very busily 
engaged. There are still very good inquiries for forge 
quality, both on early and forward account, but pressure 
for delivery is not so urgent, recent supplies having been 
on a scale sufficient to enable consumers to accumulate 
a little stock. Exports both to France and Italy are 
reported. For home consumption, No. 3 Cleveland pig, 
No. 4 foundry, and No. 4 forge, all stand at 95s.; and 
No. 1 is 99s.; and for shipment to France and Italy, 
No. 3 and the lower qualities are all quoted 114s. ; and 
No. 1 is 119s. 


Hematite Iron.—It is gratifying to know that produc- 
tion of hematite is sufficient to permit shipment of a few 
parcels to the Allies without stinting home consumers, 
and advantage has been taken of the improved tonnage 
situation to meet the pressing needs abroad. Nos. 1, 2 
and 3 East Coast brands are 122s. 6d. for home use, and 
1478, 6d. for export to France and Italy. 


Manufactured Iron and Steel.—Manutacturers of 
finished iron and steel are working at very high pressure 
to cope with the huge demand, and the enormous output 
is insufficient fully to meet requirements, but it is 
gratifying to have the assurance that not only are wants 
of shipbuilders receiving adequate attention, but that 

roducers have work for the shipyards well in hand. 
Jalues of all descriptions are very strong. For home 
consumption, common iron bars are 13/. 178. 6d.; best 
bars, 14/1. 58. ; double best bars, 14/. 12s. 6d. ; iron ship 
plates, 15/. 10s.; iron ship angles, 131. 17s. 6d.; steel 
ship say 1ll. 108.; steel ship angles, 111. 28. 6d. ; 
steel boiler plates, 12/. 10s. ; steel hoops, 171. 10s. ; and 
heavy sections of steel rails, 101. 17s. E prices 
are not fixed, but they may be given approximately at 
21. to 31. per ton above home quotations. 


Ironworkers’ Wages.—The secretaries to the Board ot 
Conciliation and Arbitration for the manufactured iron 
and steel trade of the North of England report that for 
the two months ended April 30 last, the average net 
selling price of iron bars and angles was 14l. le, 94-54, 
as compared with 13/. 16s. 7-64d. for the previous two 
months, and that this carries an advance of 3d. per ton 
on puddling, and 2} per cent. on all other f and mill 
wages, to take effect from the 27th ultimo. ey state 
that, in accordance with the Ministry of Munitions lines 
of settlement of January 3 last, and February 20 last, 
this advance will merge into the 124 per cent. bonus, 
and the 7} per cent. bonus granted under those settle- 
ments. 


Coke.—Coke is scarce, and shipments to neutrals 
restricted. Heavy local requirements continue to be 
moderately well met under the conditions prevailing, 
but some consumers complain of inadequate supplies. 
For shipment to neutrals both foundry and furnace 
coke range from 50s, to 55s. and even more. For home 
use, foundry coke is 38s.; average blast furnace kind, 
33s. at the ovens ; and quality low in ph 35a. 6d. 
at the ovens. A new battery of coke ovens is being 
installed at the Acklam Ironworks, Middlesbrough. 





Tue Gavi Inciis Reckoners.—Mr, J. Gall Inglis has 
compiled three ‘“ Presto” reckoners, one being a 
123 cent. and one a 74 per cent. bonus and entage 

, both rising by ce from ld. to £8; the third is 
a shift and hours worked time-calculating card for time- 
keepers, costing clerks, &c., showing the interval between 
two times—6 a.m. to 10 p.m. The three reckoners are 
issued at the price of 2s. each net by Messrs. Gall and 
Inglis, 31, Henrietta Street, W.C., and Edinburgh. 





NOTICES OF MEETINGS. 


Tue Royat Mereoro.oeicat Socrery.—Wednesday, 
June 19, at 5 p.m., at 70, Victoria-street, Westminster. 
Papers to be read :—1 “The Lunar Atmospheric Tide 
at Greenwich, 1854-1917,” by Mr. 8. Chapman, M.A., 
D.Se.; 2. “On the Audibility of the Gunfire on the 
Continent at ee St. James, near Chelmsford, during 
1917,” by Mr. Miller Christy, F.L.S.; 3. “ Seasonal 
Variation in the Audibility of Distant Gunfire,” by 
Mr. F. J. W. Whipple, M.A., F.R.Met.Soc. 

Tue Roya Soorety or Arts.—Thursday, June 20, 
at 430 p.m. “Indian Cotton and the Cotton-Mil! 
Industry,” by the Hon. Sir Dinshaw E. Wacha. The 
paper will be read by Sir Charles H. Armstrong. Chair- 
man, the Right Hon. E. 8. Montagu, M.P., Secretary of 
State for India. 











TRADING WITH THE Enemy Act.—The Controller of the 
Foreign Trade rtment has issued a new list (No. 56) 
of additions to the Statut List of firms of enemy 
nationality, or enemy association, with whom persons in 
the United Kingdom are forbidden to trade. Copies of 
this list can be obtained at a trifling cost from the 
Superintendent of Publications, H.M. Stationery Office, 
Imperial House, Kingsway, W.C. 





MEGAPHONES WITH RECTANGULAR APERTURES.—The 
theory of horns in which sound waves travel through 
slit apertures was given by Rayleigh. When the width 
of the slit is large by comparison with the length of 
half a wave, the waves of a train of sound waves, passing 
through the slit, spread out little and proceed almost 
undisturbed. When the slit width is smaller than the 
length of half a wave, or equal to it, the waves spread 
out as if they came from the aperture itself. Upon this 
consideration Rayleigh based his horn with elliptical 
aperture. The major axis of the ellipse was made larger, 
the minor axis smaller than the half-wave length. en 
the major axis was held vertical the axis of the horn 
itself being horizontal, the sound spread out in a hori- 
zontal fan. Rayleigh also experimented with horns of 
rectangular apertures for studying these phenomena. 
This line of study been taken up by Professor F. R. 
Watson, of the University of Illinois, who presented 
a@ pa on the subject, with special reference to speech, 
to the American Physical Society last December. He 
constructed several megaphones with rectangular aper- 
tures. Holding the horn horizontally with the rect- 
angular ves vertical, he observed that the sound 
spread sideways in the open field, and that people even 
90 deg. off the direction of speech could hear. When, 
however, the slit—é.e., the long edge of the aperture— 
was horizontal, people standing by the side might hear 
the noise but could not understand. The observation is 
interesting also for phonograph signalling, and it suggests 
some conclusions as to the wave-length of speech as 
the words were diffracted by the narrow dimension oi 
the rectangular aperture, but not by the wide dimension. 
Some components of speech must have half a wave- 
length intermediate between these two limits. 


Tue German Company FoR ELgorrica, UNpDER- 
TAKINGs.—This company states in its report for 1917, 
that the electricity supplying industry during last year 
suffered heavily from the prevailing conditions, A number 
of the leading concerns in this branch, owing to diminished 
surpluses, have had to reduce their dividends, and the 
end of this retrogressive movement is not yet in view. 
Existing contracts, mostly dating from the time before 
the war, with unaltered tariffs and other conditions, 
did not allow of charging suitable prices for electric 
energy. -A number of municipalities and other large 
consumers had certainly ag to modified tariffs and 
other improvements in the contracts from the generating 
company’s point of view, but most customers preferred 
to hold to their advantageous old contracts. The Company 
for Electrical Undertakings considered it necessary that 
the German Empire should bring about a legislative 
— of these matters, so that the tariffs might be 
altered aceording to the increased cost of production 
resulting from the war. St in this direction were 
being taken. The company had experienced a set-off 
against the decreased revenue of the generating works 
by an improvement in the traffic of the tramway 
companies in which it was interested, also by its share 
in the Bologna electricity works, and from the greater 
portion of its shares in the Saee for Electric Means 
of Communication in Budapest ving been favourably 
disposed of. The greater portion the profits has 
apparently been — to reserves, the net profits 
amounting to 3,715,232 marks against 3,719,224 rks 
for the previous year, of which the dividend on the share 
capital of 60,000,000 marks absorbed the bulk. With 
regard to the foreign undertakings of the company, it was 
stated that the Société Financitre de brpae 2) et 
d’ Entreprise Industrielles, Brussels, again paid a dividend 
of 7 per cent. The station construction for the 
overland control at Warsaw was still left in abeyance, 
The Tramways et Electricité Company, Constantinople, 
had certainly again had good receipts, but the result 
suffered from the much increased prices for materials, &c. 
The company’s "oT of shares, &c., amounted at the 
end of 1017 to 105,059,003 marks against 109,771,059 
marks at the end of 1916. The company, in the course 
of the year, in addition to the shares:already referred to, 


ha also mes omy of shares in the Stuttgart Tramways 
and the Frankfort 


Local Railways Company. New 


shares had been acquired in the Leipzic Overland Power 
Station, and in the Budapest Company for Electric 





Undertakings. Shares in the Knorr Brake Company for 
2,750,000 marks were also a new acquisition. 
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THE AIR SUPPLY TO BOILER ROOMS. 
(For Description, see Page 662.) 
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DILUTION OF LABOUR. 

Ix common with all the other schemes and 
expedients devised during the period of the war, 
the success or failure of the scheme of dilution of 
labour must be judged by the extent to which it has 
contributed to the provision of an adequate supply 
of all the essential munitions of war. Judged by 
this fundamental standard, the results already 
achieved are such that the success of the scheme 
of dilution, regarded as a whole, must be readily 
admitted by all unprejudiced critics. 

The degree of success which has attended the 
application of the scheme of dilution to the manu- 
facture of shells has recently been emphasised by 
the announcement of the dismissal of many thou- 
sands of women workers from establishments 
devoted to the production of shells, and staffed 
almost entirely by women. That it should be found 
possible to dispense with the services of so many 
dilutees at the present crisis of the war is significant 
of the success which has attended the efforts of 
these workers in a sphere which until recently was 
considered the preserve of the skilled engineer, 
while the direct result of this success in freeing very 
large numbers of trained engineers for work of a 
more skilled nature has been of inestimable value 
to the nation. Bearing in mind the value of the work 
accomplished by the introduction of female and 
unskilled male labour in the production of this class 
of munitions of war, it may be of interest to inquire 
whether full advantage has been taken of dilution 
of labour in other equally important departments 
of war effort, and to examine the degree of success 
achieved. 

’ At the present time, no industry is of more vital 
consequence to the nation and to the Aliied Powers 
than shipbuilding and marine engineering, and 
while great and increasing assistance in the produc- 
tion of ships and machinery is being given by 
Amer‘ca, it is to the output of our own yards and 
engine shops that we must look for the immediate 
increase in the output of new tonnage which is so 
vitally necessary. The output of new ships for 
April is given as 111,533 tons, or less than half our 


72 average monthly losses by submarine action, and 
673 | the question naturally arises whether the principle 


of dilution of labour, which has proved so successful 
in the manufacture of shells, has been given an equal 


4 sree to prove its worth in the shipyards and 


ngine sho In the first place, it must be clearly 
ies that the conditions of work i in a general 
engineering shop are entirely different from those 
which obtain in a shop devoted exclusively to the 


| Production of one standard article, such as shells, 


while the conditions of work in a shipyard are in 
no sense comparable to those in an engineering shop. 

oP devoted entirely to the 
production of a standard article, the conditions are 
practically ideal for the rapid training of female or 





unskilled labour to a degree sufficient to ensure the 


satisfactory performance of duties which must, of 
necessity, become largely mechanical throughYoon- 
stant repetition. The general engineering ‘shop 
presents a much more complicated problem, for in 
this case, the volume of repetition work is very 
largely reduced, the variety and difficulty of hand 
and machine operations greatly increased, and, 
consequently, the general level of skill required of 
the worker is higher, and the proportion of unskilled 
labour which can be profitably and usefully employed 
is, therefore, less. 

In spite of this handicap, the employment of 
women in general engineering shops has, on the 
whole, made very satisfactory progress, both as 
regards numbers employed and quality of output. 
Past and present experience with skilled male 
workers leads to the conclusion that a uniform 
degree of success from the employment of diluted 
labour is not to be looked for, and the facts are 
in accordance with this conclusion. Adverse reports 
on the utility of female labour are by no means 
uncommon among practical men, and are not all 
without foundation. At the same time, it is impos- 
sible to overlook the significant fact that for one 
failure it is generally possible to point to several 
cases of successful performance of the same job with 
similar labour. That there is still a considerable 
body of opinion on the part of employers, foremen 
and men, hostile to the training and employment of 
women, is undoubtedly true, and under such 
conditions success is impossible. Attempts have 
been made to ensure the employment of unskilled 
labour in the manufacture of shells by the insertion 
of a clause in the agreement stipulating that a large 
and definite proportion of the factory operatives 
shall be women or unskilled men. This fixing of the 
extent to which diluted labour must be employed 
has not yet been applied to general engineering 
shops or to shipyards, but there does not seem tc 
be any good: reason why a scheme on generally 
similar lines should not be applied to these works. 
At the same time, it is most essential that the 
employment of women should be so regulated that 
no foremen can say with truth that he neither 
requires nor desires the women workers whom he 
is compelled to employ in order to satisfy Govern- 
ment officials that the principle of dilution is in 
operation in the works. Neither is it in any way to 
the advantage of industry, or of the nation, to 
dispense with the services of old men as sweepers and 
cleaners in order to replace them with twice or three 
times the number of lusty young women, as is too 
frequently done, simply in order to show a good 
proportion of women workers. At the present time 
general engineering works are employing women 
with success on the following, among other jobs :— 
Crane driving, lathe operations of various kinds, 
drilling, milling, slotting and planing ; straightening 
and cutting tubes for condensers, turbine blade 
fixing, filing and chipping, assembling and erection 
of valves, &c. The scraping up of cast-iron joints, 
&c., also preparing and fitting up valves, pipes, &c., 
for water testing could largely be done by woman 
labour. 


In shipbuilding operations the employment of 
women has been much less systematically developed, 
though there are a number of yards which have made 
commendable progress with the scheme. The work- 
ing conditions in most shipbuilding operations are 
against the employment of women for the follow- 
ing reasons: (a) Heavy nature of work; (b) ex- 
posure to weather ; (c) dangerous conditions under 
which much work has to be performed. Ship- 
building operations, naturally, group themselves 
into two main classes, viz.: (1) Preparation of 
material on the ground, previous and preparatory 
to erection on building blocks; and (2) erection 
and fixing of all material in position on blocks 
preparatory to the launch and fitting out after 
the launch. Of these, the modern tendency is to 
develop (1) to the utmost limit—as in “ fabricated ” 
ships—so that this section of work is of very great 
and increasing importance. To much of the work 
in this section, female labour has already been 
successfully applied—the fact that such work is 
performed on the ground and in ‘many cases under 
cover, being of great advantage in this connection. 
On board the ships, during the early stages of con- 





struction, conditions are not at all suitable to the 
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employment of women, owing to the heavy nature 
of the work, and the insecure footing provided. 
With the advancement of building operations, the 
conditions become more suitable, but the question 
of efficient supervision becomes more difficult. 

The shortage of men, and thus the need for 
increased dilution of labour, is most pronounced in 
the iron trades, and it, therefore, becomes a question 
of importance how far the principle can be applied 
to these trades. The shortage is probab'y most 
marked in the riveting trade, and no real effort 
seems to have been made to remedy this shortage. 
The arduous nature of much of the riveters’ work 
makes it unsuitable for the employment of women, 
except in the case of hydraulic riveting, and such 
forms of pneumatic riveting as are performed with 
fixed machines. Both these forms of riveting have 
been successful'y performed by women, but the 
practice is by no means as general as it might be. 
Hand and pneumatic forges and oil fuel furnaces for 
heating rivets, where these are operated on the 
ground, or on a suitable and safe platform, could all 
be worked by women, and thereby a good proportion 
of rivet boys would be set free to commence riveting. 
The principle of dilution could, with advantage, be 
applied in an extension of pneumatic riveting. 
America is solving the difficulty of shortage of 
riveters with characteristic directness by training 
clerks, labourers, professional men and many others 
to ure the pneumatic hammer. Practically no such 
effort has been made in this direction in Britain 
although there are still large numbers of men less 
usefully employed. 

The caulking trade could well be assisted by 
women on such work as packing plates and angles 
before riveting, tapping small diameter holes, cutting 
large diameter holes by machine, attending water 
squads, cutting by the oxy-acetelyne process, &c. 
The platers’ shed contains’a number of machines 
which could well be worked by women, e¢.g., drill- 
ing, countersinking, saw, plate mangle and buffing 
wheels. Driving of overhead and other cranes has 
already been satisfactorily done by women. The 
drilling department could well employ women for 
the operation of light electric boring machines, both 
on the ground and on board ship, while the same 
may be said for the lighter forms of pneumatic 
drills and reamers now so commonly used. - In the 
joiners’ shop, electrical shop and plumbers’ shop, 
the operation of nearly all the machines is easily 
within the capabilities of women of the class who 
have done so well on munition and general engineer- 
ing work, while the employment of women for 
running and clipping electric cables on board ship, 
painting and red leading, cutting and laying deck 
coverings, such as linoleum, and many other light 
jobs, is not only feasible, but should be insisted on 
in the interests of the man power of the country. 
Timekeeping and checking for all departments could 
well be undertaken by women or by disabled soldiers, 
yet many able-bodied men remain in this class of 
work. The possibilities of the temporary transfer of 
workers of one trade temporarily slack to assist a 
trade suffering from a shortage of labour have not 
been utilised to anything like their full value, and 
the blame for this rests largely with the trades 
unions concerned. The position of our shipyards 
as regards man power is in many cases very far 
from satisfactory, and in view of the possible calling 
up of some of the younger men, it becomes the 
imperative duty of the Government Department 
concerned, the employers, the trades unions, and 
the workers to combine to make the employment 
of women and unskilled labour in the shipyards 
no less successful than it has proved in the munition 
works. 
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THE ROMANCE OF PETROLEUM. 

WE are not sure in which as of petroleum 
and its industry Sir Boverton Bart., D.Sc., 
found romantic elements when he discoursed, 
last Friday, on the “ Romance of Petroleum” at 
the Royal Institution. He did not refer to the 
manifold ne blessings and curses, civilisation 
owes to that industry, except perhaps in his con- 
cluding allusion to the disabilitize hagond upon him 
by the Official Secrets Act, and the stringent 
regulations of the Defence of the Realm Act and of 
the Censor. Pouchet’s familiar imaginary views, 


which Sir Boverton showed, of landscapes from 
the carboniferous period, when dense, sad, silent 
forests and herbaceous aquatic plants covered the 
earth from pole to pole, and from the tertiary 
period, when the formation of our big natural 
stores of petroleum was possibly completed, were 
merely fanciful, not romantic, while the story of 
the discovery and acquisition of the Anglo-Persian 
Oil-field by Mr. Knox d’Arcy and the Government, 
upon which Sir Boverton dwelt at length, indicated 
shrewd, patriotic business sense rather than 
romance. There is more romance in the discovery 
of Thomas Young that paraffin and lubricating oils 
and wax could be obtained from bituminous coal 
by gently heating the coal. Out of that observa- 
tion of 1850, which followed the exhaustion of the 
oil stream that had been flowing from the Alfreton 
coal-working in Derbyshire, grew the Scottish shale 
industry, and an oil fever—though far milder than 
the oil-fever of the United States—during which a 
poacher discovered shale oil near Tarbrax; this 
shale was later worked by the Caledonian Oil 
Company, as Sir Boverton related. 

The romance may chiefly be found, perhaps, in 
the gigantic scale on which everything connected 
with petroleum and its industry is being done, in its 
power for good and evil, and in the reckless haste 
with which petroleum is being extracted and—unin- 
tentionally—wasted. Yet Nature, in manufacturing 
petroleum, need never to have worked at a more 
rapid rate than that in which it is producing oil 
at present—in a sense, on a small scale—near 
Karabugas Bay, on the eastern shores of the 
Caspian Sea. Into this land-locked bay organic 
matter is constantly being conveyed from the 
open sea through a very shallow entrance over the 
bar; the broiling sun evaporates the water, already 
highly saline, salt and Glauber’s-salt are being 
deposited, all marine life is killed and putrefaction 
prevented, and the oily products of a very slow 
distillation of the organisms accumulate. Other 
conditions may elsewhere be favourable to slow 
distillation of organic remains, and the mosses and 
small ferns of the carboniferous period probably 
had more to do with the origin of petroleum—and 
of coal as well—than the great tree ferns of those 
ages. The view that decomposed metallic carbides 
gave rise to the production of petroleum, now finds 
few supporters. The organic origin is generally 
conceded, and both plants and animals may have 
contributed their share in sufficient variety to 
account for the different types of petroleum ; 
scientifically, it must be borne in mind, the term 
petroleum comprises all natural oils and shale oils, 
bituminous substances, pitch and ozokerite, as well 
as natural gas. 

Petroliferous strata occur all over the world 
probably, by preference along the faults of great 
mountain ranges, and in all geological periods, 
though chiefly in the carboniferous and tertiary ; 
in the latter, petroliferous formation may, Sir B. Red- 
wood suggested, be coeval with the advent of man. 
The world’s petroleum output of 1917 is estimated 
at 70,403,128 metric tons. Of this, the United Statés 
produced 64-74 per cent., Russia, 3.26 per cent., 
Mexico 11:37 per cent., the Dutch East Indies 
2-74 per cent., Roumania 2-08 per cent., and all 
the parts of the British Empire together 2 per cent., 
India and Burmah ranking first with 1-61 per cent. 
To store that bulk of oil would require a cylindrical 
tank, 30 ft. high, 2 miles (10,952 ft.) in diameter, 
covering three times the joint areas of Hyde Park 
and Kensington Gardens; seven million 10-ton tank- 
wagons, making a train 28,000 miles long (the length 
of the equator is 25,000 miles) would be wanted for 
the transport of the oil; and a pipe line, 6 ft. 2 in. 
in diameter, would take a year to deliver the 
oil at a rate of flow of 3 feet a second. In the 
actual steel pipe trunk lines, 8 in. in diameter, of 
which thousands of miles have been laid down in 
the United States, the pressure may rise to 1,200 lb. 
and even 1,500 lb. per square inch, and the gas 
pressure, under which the oil is forced out from the 
wells, frequently amounts to several hundred 
pounds per square inch. That accounts for the 
enormous unintentional waste. The Grosni well 
in the Northern Caucasus threw up 18,500 tons of 
oil per day during the first three days of its out- 





burst in 1895; the rush quickly destroyed the 





derrick, and the first dam, hastily erected to create 
a reservoir for the oil, soon broke down and had 
to be supplemented by two further dams. More 
violent and disastrous still was the outburst from 
the San Diego oilfields of Messrs. Pearson in Mexico 
in 1908. Oil was struck there at a depth of 1,824 ft. 
on the morning of July 5; within 20 minutes the 
ground began to tremble, and earth-fissures formed 
to distances of 250 ft. ; one of these extended under 
the boiler-house, the gas and oil caught fire, a flame 
shot up 1,460 ft., enabling people 11 miles away 
to read at night time, and some 3,000,000 barrels of 
oil were burnt by the time the fire was extinguished 
on August 31, by means of sand. The amount of 
water and solid matter carried away by the rush 
was much vaster still than the oil flow. 

Oil engineers have always to be prepared to 
face difficulties of this kind in oilfields. Before 
they had learnt to secure and to utilise the natural 
gas, the railway tracks of the oilfields of Western 
Pennsylvania were lined with vertical steel pipes 
serving as gas outlets and as burners for the natural 
gas which roared away day and night in the early 
eighties. The sight might have fascinated the fire 
worshippers of ancient times who gathered at Baku, 
possibly long before anybody thought of utilising the 
oil and gas exuding from the ground. The natural 
gas of Pennsylvania, it may be remembered, trans- 
formed Pittsburgh, which in the early ‘eighties still 
enjoyed the reputation of being the dirtiest—or at 
least the dustiest—city of the United States, into one 
of the cleanest cities. The coal dust disappeared 
when the furnaces and works were fed with natural 
gas. The new fuel and illuminant resented being 
harnessed, and as the gas did not, as a rule, betray 
its presence by smell before exploding, ungrateful 
humanity called it treacherous. Sodom and 
Gomorrha may not have much physical warning 
of their doom either; Mr. W. H. Dalton has 
suggested that the two towns were destroyed by 
an outburst of petroleum—helped or caused, one 
might feel inclined to add, by an earthquake. What 
petroleum products can accomplish in explosive 
force and poisonous vapours, even those who have 
kept at a safe distance from the “ front,” know 
sufficiently well by this time. Oil diggers cannot 
help feeling that the original petroleum, liquid- 
gases and vapours, are poisonous and dangerous 
enough in themselves to destroy all romance. Sir 
Boverton exhibited a photograph of a pitiable scene 
from the Burmah oilfields, dating from the days of 
King Theebaw, that is, also from the early ‘eighties, 
probably. There hand-dug wells were being sunk 
to depths of 300 ft., and young strong men could 
not bear working in these wells for more than 
5 minutes; the photograph showed one man just 
brought up from the well in a state of utter ex- 
haustion, and another, with his eyes bandaged to 
accustom him to the darkness below, ready to 
descend. 

Such primitive methods of oil-producing had 
been in use for centuries in other parts of the 
world. If they had not been replaced by modern 
machinery, percussion drills and rotary drills, 20 in. 
in diameter, driven by the power of the very oil 
they help to raise, and capable of sinking wells to 
depths of a mile and more (5,810 ft. at Boryslaw- 
Tarnowice, in Galicia), and if oil transport by 
bullock wagon, camel and sailing boats had not 
been superseded by pipe lines, tank wagons and 
tank steamers, the modern romance of petroleum 
might still be in store for us. In a certain sense 
the romance of petroleum is the romance of coal. 
The potencies of coal are intensified in petroleum, 
for good and for evil. Time, pressure and heat 
may, to all appearance, transform the same organic 
matter, which under certain conditions yields coal, 
into petroleum, and either keep the products 
together, or separate them from one another. But 
the romance of flying, on wheels along roads, and 
on wings high in the air, is the ral romance of 
petroleum and petrol, though coal alone might have 
enabled us to reach the same goal at a less revo- 
lutionary pace. The spirit of our age is the petrol 
spirit. It has freed us as a race fiom the accu:.tion 
of decadence, Our young men all crowd into the 
air service, and when there they perform feats of 
heroism which will easily bcar comparison with 
those of the heroes of antiquity. Even in the 
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stirring time of the last four years, among all the 
romantic incidents which have been related, and 
those more numerous that have escaped recital, 
the deeds of the airmen stand pre-eminent. 





BRITISH DYES, LIMITED. 

In the course of a former article* we referred, 
on the authority of Professor Armstrong, to the firm 
of Simpson, Maule and Nicholson, the leading 
manufacturing chemists of their day, stating that 
their success was due to the fact that Nicholson 
was a very able chemist. When he retired, the 
firm ceased to develop. It, or its successors, we 
added on the same authority, still employed some 
very able chemists, but these had no control over 
the business policy, and the end was disaster. At 
one time, their leading chemist was Professor 
Meldola. When he invented his blue, the firm 
refused to take it up; he published an account 
of his discovery, with the result that it founded 
the fortunes of a leading German firm. The 
successor to Meldola was Professor Green, who 
invented in primulin a dye of an entirely new type. 
This the firm refused io patent, and within a few 
weeks it was, in consequence, made in Germany, 
the whole advantage being lost to this country. 
Further, it is, of course, well known that as early 
as 1856 W. H. Perkin, in this country, discovered 
a dyestuff derived from aniline. 

These facts show that we were at one time in the 
front with reference te the manufacture of chemical 
dyes. Owing, however, to shortsightedness on the 
part of some former British firms, owing also to 
lack of recognition and lack of encouragement on 
the part of successive Governments, we lost the 
lead and Germany became the source from which 
the many products obtainable from coal tar were 
distributed over the whole world. Until 1914, 
Germany succeeded in maintaining the premier 
position in the chemical industry, in a great measure 
by discouraging through her many agents in this 
country the manufacture of numerous products, 
offering German-made similar products at cheap 
rates. Further, German firms never lost an 
opportunity of acquiring the primary raw material, 
coal tar,-obtained in Great Britain, and one scheme 
of these German firms was to stipulate that the 
coal tar and other by-products derived from the 
recovery coke oven installations, the Huessener 
ovens among others, which the German firms put 
down in this country, were to be delivered to 
Germany over a number of years in part payment 
of the coke-oven installations, thus increasing the 
raw material supply available for the German 
chemical works. 

One of the first results of the outbreak of hostilities 
between the United Kingdom and Germany was 
the realisation of the fact that the British textile 
trades were mainly dependent on the German 
source of supply for their colouring materials. The 
Government thereupon considered what steps should 
be taken to deal with the difficulty, and a committee 
representing the dye-consuming industries was 
appointed to consult with the Board of Trade. 
As a result of their deliberations, a scheme was 
prepared for the co-operation of the Government 
with the dye users. The scheme provided for the 
formation of a limited liability company, British 
Dyes, Limited, having a proportion of capital 
advanced by Government, the object being to 
re-establish—and we say re-establish advisedly— 
the synthetic dyestuff industry in this country. 
The Government agreed to advance up to 1,500,000/. 
on a mortgage debenture, and the company were 
authorised to raise 3,000,000/. ordinary share 
capital, to be obtained from consumers of dyestuffs. 
The new company proceeded to allotment on 
April 1, 1915, with an issue of 1,000,000 1/. ordinary 
shares. 

The company availed themselve: of the agreement 
which had been made between the Board of Trade 
and a dye-making works in the North of England, 
and acquired the undertaking of the latter, the 
purchase being completed in June, 1915. Since 
then, the company have utilised these works as a 
nucleus for development. They decided also to 
complete the extensions commenced by the former 
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owners and, further, to erect a new factory on an 
extensive site in the immediate neighbourhood 
of the existing works. In the latter part of 1915, 
various estates having a total area of about 500 acres 
were purchased for this latter purpose. Plans were 
immediately prepared and contracts given out, 
the first sod on the new site was cut in November, 
1915, and the first piece of work undertaken was 
the construction of a railway from the old works 
to the main railway system through the new site. 

We had the opportunity a few days ago of visiting 
the company’s older works and their new installation 
and were greatly struck with the great activity 
displayed in both in the manufacture of acids, 
“* intermediate products,” and all kinds of synthetic 
dyestuffs and other chemicals derived from the said 
intermediate products. Another feature which 
greatly appealed to us, and to which we desire to 
refer here before giving a very brief description of 
the works, was the large initiative allowed the 
chemists in charge of the various departments 
and the cordial relations existing between the 
directorate and the chemical staff. 

The manufacture of synthetic dyestuffs may be 
divided into three stages, the preparation of pure 
raw materials, benzol, naphthalene, &c., from the 
crude coal-tar derivatives, followed by the prepara- 
tion from the pure raw materials of a series of 
chemical compounds known as “ intermediate 
products,” of which there are about 100 of prime 
importance, and, finally, the preparation of the 
finished colouring matter from the intermediate 
products. German manufacturers had developed 
large plants for the manufacture of intermediate 
products and were in a position to offer these 
latter to dye manufacturers at prices which rendered 
their production in this country unprofitable. 
By holding a virtual monopoly in intermediate 
product manufacture Germany really controlled 
the dyestuff manufacturing operations of the whole 
world. The company, therefore, adopted the policy 
of developing as far as possible the manufacture 
of intermediate products at both their works, 
a scheme which met with the approval of their 
leading shareholders and which has succeeded so 
far as they have had time to extend their installa- 
tions. The company now manufacture many 
intermediate products on a commercial scale ; 
they have prepared plans for a further extensive 
programme of intermediate-product plant con- 
struction which now only awaits official sanction. 
In this connection it may be stated that of the 
expenditure required for plant for dealing with 
coal-tar derivatives only, about 85 per cent. is 
represented by the intermediate-product plant alone ; 
the dye-making installations for converting the 
intermediate products into finished dyestuffs is not 
only less costly but is also less complicated, and the 
processes involved are more simple. 

The intermediate products are obtained by 
treating with mineral acids the pure raw materials 
distilled from coal tar. Owing to the fact that 
the operations of the company were started when 
practically the whole of the supplies of acid in the 
country were required for the manufacture of 
munitions of war, the company had to put down 
their own plant for the manufacture both of oleum, 
or fuming sulphuric acid, and nitric acid. A 
considerable proportion of the former used by 
British dyemakers before the war came from 
Germany, but our development of war industries 
has made it certain that British dye manufacturers 
will in future be supplied from British sources only, 
and the least of these sources will not be the com- 
pany’s plants, judging from their capacity of pro- 
duction, and the stores of acid and of raw materials 
for its manufacture available on the company’s 
premises. 

The company’s older plant, which, under the 
former management had acquired reputation for 
the manufacture of aniline dyes, among others, 
is self-contained, and is working to the full in 
the manufacture of a variety of intermediate pro- 
ducts, finished dyes and other nitrated chemicals. 
Several of the installations are new, whilst others 
have been improved by the present owners. 
But owing to its situation, the older plant could 
not be extended to meet present-day require- 





ments and the company acquired, as above stated 





500 acres of land in close proximity, on the other 
side of thefriver, and connected this new site 
by a standard-gauge line with the older plant. 
The new works, where the manufacture of acids, 
intermediate products and finished dyestuffs is 
proceeding apace, and where further buildings are in 
course of completion and the construction of others 
are planned, give the impression of an international 
exhibition site, the buildings being on both sides 
of a main avenue 120 ft. in width and 1} miles in 
length. A standard-gauge line runs on each side 
of the avenue; the whole works are served by 
15 miles of standard-gauge track and communicate 
with the London and North-Western Railway by 
a siding. The various buildings are each 270 ft. 
long, 90 ft. wide, there being provided between 
two consecutive structures a space of 90 ft. for 
future extension should the need arise. 

Power is supplied to the new works by two 
Westinghouse turbine sets, of 2,500 kw. each direct- 
coupled to the generators. The turbines are con- 
structed on the bleeder principle, steam being drawn 
off from them at 30 Ib. per square inch, for various 
purposes in the works. This is very satisfactory 
thermodynamically, as all the heat units in the 
steam can be economically used. The condensers 
are of the plain jet type, water being taken from 
the local stream for cooling purposes. The putting 
down of a further 5,000-kw. turbine set is under 
consideration, in connection with a standard surface 
condenser and cooling towers; this new power 
set is urgently needed, since the load now approxi- 
mating the maximum load of one machine, no 
spares will be available in the near future. The load 
factor is 80 per cent. The present steam supply 
is ensured by fifteen 30 ft. by 8-ft. 6-in. Lancashire 
boilers fitted with coking stokers, automatic-feed 
regulators and superheaters. The latter are pro- 
vided with by-pass valves to enable saturated steam 
to be supplied to the gas producers. Weir steam 
pumps are used throughout. All coal and ash is 
mechanically handled. There are in course of 
erection six Stirling water-tube boilers, each having 
an actual evaporation of 25,000 lb. of water per 
hour at 200 lb. pressure and 200 deg. superheat. 
A boiler-house to contain sixteen 30-ft. by 8-ft. 6-in. 
Lancashire boilers is also contemplated. This in- 
stallation is to generate steam at a 160 Ib. pressure 
for use throughout the chemical plant only ; the 
steam will have only sufficient superheat to prevent 
condensation in the pipes. The installation of two 
other similar batteries of boilers is to be proceeded 
with in other parts of the works. Lancashire 
boilers are found particularly suitable for the 
generation of steam for the various purposes for 
which it is required throughout the works. In one 
process alone the demand of steam may vary from 
nothing to 75,000 lb. per hour in 30 minutes, At 
the older works, the steam supply is ensured by 
24 Lancashire boilers. 


The plant for the supply to the works of com- 
pressed air at a 75 lb. pressure consists of three 
electric motor belt-driven compressors, each capable 
of compressing 1,000 cub. ft. of free air per 
minute to a pressure of 80 lb.; and two steam- 
driven compressors, having the same capacity as 
the former. The exhaust steam from the two latter 
sets is utilised in the gas producers. 

Electric current is generated at 3,000 volts, 
three-phase, 50 cycles, and is transformed down to 
400 volts for supply throughout the works; the 
motors are 400-volts, three-phase machines. Lighting 
is at 232 volts between phase and neutral. The 
motors installed number about 400, ting 
5,500 h.p. The lighting points number about 5,000. 
The output is at the rate of 10,000,000 units per 
annum, and as already stated the load factor is 
80 per cent. 

The company have put down in their new works 
six Mond gas producers which can gasify 17 tons 
of coal per 24 hours, producing in that time 
1,000,000 cub. ft. of gas. 

The producer gas is used, among other purposes, 
in the treatment of pyrites gases for the manufac- 
ture of fuming sulphuric acid. It is distributed 
throughout the various buildings by 54-in., 48-in. 
and 36-in. mains, and is found a most convenient 
source of heat, one which can be regulated with 
the greatest ease. In close proximity to the fuming 
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sulphuric acid plant is the nitric acid-making 
plant. 

Among the intermediate products manufactured 
in large quantities in the company’s new works— 
several of which are also made at their older plant— 
may be mentioned, in the first place, beta naphthol. 
This is a very necessary intermediate ; on it depends 
the manufacture of acid wool colours, direct cotton 
colours, paint colours and mordant colours, which, 
in the aggregate represent a large percentage of all 
colours manufactured. A building is being com- 
pleted in the new works for the making of “ H” 
acid (amido-hydroxy-naphthalene-disulphonic acid). 
This acid is made in the older works in important 
quantities; when coupled with other dyestuff 
components there is no other intermediate product 
that enters into so extensive and varied a range 
of colours for both wool and cotton. We may also 
mention, among many other products undertaken 
by the company, paranitraniline, which, coupled 
with beta naphthol, produces the red known as 
Para red; benzidine, the starting point for which 
intermediate, nitro benzol, has been manufactured 
by the company for some time on an important 
scale—it is the basis of aniline oil, a chemical largely 
used in the dyeing and printing of blacks on cotton ; 
fast chrome blue; chlorazol sky blue, a direct 
dyeing cotton colour which has always been greatly 
appreciated by dyers, whether offered under the 
above name or as benzo sky blue, Chicago blue 
or diamine sky blue ; primulin, &c., &c. Too much 
emphasis cannot be laid upon the fact that from 
the very beginning the company have aimed at the 
production of sufficient intermediate products to 
enable them to be entirely independent of all outside 
sources ; they are now practically in that position 
for all the colours they have put upon the market. 
The company have also successfully met the 
engineering difficulties which confronted them, such 
for example, as the obtaining of autoclaves of large 
capacity, capable of withstanding a pressure of 
70 atmospheres ; the obtaining also of special alloys 
to resist corrosion, and so forth. 

In the manufacture of numerous products a 
large quantity of ice is used, and the company have 
put down an ice-making plant on the Linde ammonia 
process, which consists of four belt-driven com- 
pressors, two having 100-h.p. motors and two 
45-h.p. motors. The plant is capable of making 
60 tons of ice per day and also of pumping 24,000 
gallons of brine at 32 deg. per hour. 

Both the older and the new works have a fully- 
equipped research laboratory. The laboratory at 
the new works is connected with a model installation 
on @ small scale, in which any product under 
investigation is made to follow in complete sequence 
all the various treatments in exactly the same way 
which obtains in the full-size plants at the works. 
This makes for saving of time and expenditure. 

In the different manufacturing processes through- 
out the works no waste is allowed ; as an example 
we may state that the bags having contained the 
nitrate of soda are washed both for increasing the 
life of the bags and for recovering every particle of 
nitrate. By-products are recovered wherever this 
is economically possible. 

The work of carrying out the general policy 
decided ‘by the board and of supervising generally 
the company’s business, is entrusted to a committee 
consisting of the chairman and three other directors ; 
this committee meets weekly at the works and acts 
in close co-operation with the works manager. On 
technical questions, it is advised by a technical 
committee comprising the chief technical officers 
of the company in engineering and in works’ 
operations. The main committee also co-operates 
closely with the technical ot‘icers of firms manu- 
facturing plant for, and erecting it in, the com- 
pany’s works. Research is supervised by a Research 
Council comprising certain university professors 
and technical officers of the company. The com- 
pany have paid much attention to the question of 
research and, as already stated, new processes can 
be thoroughly tested by means of the model dye- 
making plant put down in conjunction with the 
laboratories, before transfer to the works. 

In the period, therefore, of about two and a half 
years which has ela; since the com 


" pany began 
their present development—a period of 





difficulty owing to the war—complete plants have 
been erected and started working for the manu- 
facture of the necessary mineral acids, for supplying 
the material required for the various colour-making 
plants, and for producing a variety of dyestuffs. 
The company have also, as already stated, made 
considerable progress in the manufacture of inter- 
mediate products, and their present installations for 
the production of these substances are in full opera- 
tion. Other installations are in progress, and will 
soon contribute to the output. The company’s 
series and supply of dyestuffs are being regularly 
increased ; they have achieved success in all colours, 
and particular mention may be made of those derived 
from anthracene. The company’s works, as they 
now stand, are a most important national asset, 
and as such they deserve recognition on the part of 
every citizen. As such, also, they deserve every 
encouragement on the part of the State as a whole, 
both in regard to facilities for the sale of their 
manufactures, facilities on a par with those with 
which, before the war, enemy products were allowed 
to flood this country, and in regard to the fostering 
of research in the dye industry. The company 
have prepared a scheme for future development, 
which scheme, when carried out, should not only 
reduce to a minimum the power of German manu- 
facturers to threaten the British dyestuff industry 
and through it the British textile industries, but 
should also enable the company to supply a very 
great variety of colours in the requisite quantities 
to all dye consumers in this country. 


NOTES. 
PHOTOELECTRIC CELLS. 

In our issue of August 24 last we referred (on 
page 206) to the experiments of Mr. T. W. Case, of 
Auburn, New York, on the photoelectric resistance 
of a large number of minerals. Case found that 
certain sulphides, especially bismuthinite (Bi,S;), 
jamesonite (Pb,Sb,S,) and some complex silver 
sulphides, were quite as sensitive to light as 
selenium, the first two minerals mentioned even 
more sensitive. His source of light was an arc 
lamp. Conducting similar experiments, but with 
a 16-candle carbon lamp, placed mostly at 10 cm. 
distance from the substance, and with otherwise 
different arrangements, W. W. Coblentz and W. B. 
Emerson, of the Bureau of Standards (Journal of the 
Washington Academy of Sciences, October 19, 
1917) did not find any substance which could be 
compared in sensitiveness with the selenium cell 
or the potassium-photoelectric cell; bismuthinite 
and jamesonite proved quite disappointing. Coblentz 
and Emerson looked for an increase in the con- 
ductivity caused by the action of the light, and for 
an increase in the electrical discharging activity 
when the substances were charged to a negative 
potential in an evacuated chamber and exposed to 
light; they also joined the crystals through a 
battery to the grid circuit of an audion amplifier 
and a telephone. But their arrangements were 
different from Case’s; their volts were low and 
their glow lamp was within 5 in. of the substance. 
One is rather prepared, therefore, to read that 
their effects appeared to be more thermal than 
photoelectric, though they do not draw attention 
to this fact as a possible explanation for their 
differing from Case. Meanwhile Case continued 
his experiments (Transactions of the American 
Electrochemical Society, 1917, pages 197 to 210) 
in a different direction by studying the photo- 
electric action of voltaic couples, one electrode of 
which is illuminated, whilst the other is kept in 
the dark. Copper plates or wires have been used 
in such couples by several experimenters. Case 
observed that when a carefully-cleaned plate or 
wire of copper was immersed in solutions of various 
copper salts, the copper became coated with a film 
of some lower oxide or halide. When subsequently 
this coated copper was coupled with an electrode of 
clean copper (or silver), and one of the electrodes 
illuminated, a current of 0.11 volt was generated, 
the illuminated electrode being the anode. The 
E.M.F. slowly dropped, as in all such cells, under 
continued illumination. But when the electrolyte 
was the same salt as had served for coating the 
copper, and the previously dark electrode of the 





great | exhausted cell was illuminated, the current reversed. 


By interposing a revolving screen in the beam of 
light (arc lamp or two 600-watt lamps) so as to 
illuminate the two electrodes alternately, Case 
obtained a steady alternating current, and the 
electrodes did not appear to disintegrate. He 
considers the effect as photochemical. The film on 
the copper consists of the cuprous oxide or hydrate, 
which is oxidised under the influence of light, and 
then dissolves again in the acid of the electrolyte ; 
redeposition of cuprous oxide afterwards takes 
place. The electrolytes recommended are copper 
Ranate and acetate. 


AFFORESTATION IN KorEa. 

THE annual report on reforms and progress in 
Chosen (Korea) for the year 1915-16, contains a large 
amount of information on the development of the 
peninsula under Japanese administration. Most of 
this, however, is outside the scope of our columns, but 
we should like nevertheless to call the attention of 
our readers to one item which we find of special 
interest, namely, the work which is steadily being 
carried out in Korea in the matter of afforestation. 
With the object of providing the people with a 
model for afforestation, and also for experimenting 
inthe raising of certain kinds of trees adaptable 
to the physical conditions of Korea, afforestation 
on a suburban mountain of Keijo and at other 
places has been conducted since 1907, and this 
work was gradually to be transferred to the Local 
Governments. In the afforestation work carried 
out by the Central Government, the total area of 
mountains planted with trees up to the end of the 
fiscal year 1915-16 was over 2,074 cho (5,080 
acres) and trees planted thereon numbered 6,987,000. 
In addition, 1,835,000 trees were planted on 
mountains afforested in previous years, to replace 
those that died. In the work undertaken by Local 
Governments, the afforestation of State mountains, 
transferred to the charge of Local Governments, is 
also conducted as a model for the local people. 
Afforestation has been conducted by Provincial 
Governments since 1911, and up to the end of the 
fiscal year 1915-16, State mountains transferred to 
Provincial Governments measured 4,704 cho (11,525 
acres), of which 825 cho (2,020 acres) were planted 
with 3,247,000 trees; in addition, 493,000 trees 
were planted to replace those that died. Further, 
with a view to arousing in the people an interest 
in afforestation, the Government General, selecting 
the anniversary of the demise of the first Emperor 
of Japan as “Arbor Day,” has caused since the 
annexation of Korea universal planting to be 
carried out on that day, the first “ Arbor Day” 
being held under the auspices of the Governor- 
General in Government grounds on the slopes of 
Nansan, on April 3, 1911. “Arbor Day ” arouses 
much interest among the people in general, especially 
among the school children. While 4,650,000 trees 
were planted on the first “ Arbor Day,” April 3, 
1911, over 10,160,000 were planted on the second, 
12,430,000 on the third, 13,560,000 on the fourth, 
and 15,380,000 on the fifth. The total area devoted, 
to afforestation by private individuals and corpora- 
tions during the past few years is 53,600 cho 
(131,320 acres), the aggregate number of trees 
planted being 184,150,000. From the above it will 
be seen, therefore, that Japan is conducting this 
most important work in a thoroughly methodical 
and effective manner. Her efforts are worthy of 
imitation, and it is to be hoped that in our present 
“allotment age,” and given the very extensive use 
we are now making of our available timber resources, 
the absolute necessity of tree planting will not 
be lost sight of in this country. Colbert, the 
eminent French seventeenth century statesman, 
the right-hand man for a time, until he was unjustly 
dismissed, of Louis XIV, is reported to have said 
la France périra faute de bois. That was, of course, 
before the iron and steel age. Nevertheless, this 
dictum of his contains under various aspects a vast 
amount of truth for all nations, and should be most 
carefully borne ‘in mind. 





Larce New German STEEL Works.—The Siegen- 


¢| Solingen Cast-Steel Union has decided to erect large 
new steel works at Weyersberg, with foundry and 
extensive modern installations; it is intended to serve 
the peace industries, and more especially to supply 





special steel for the Solingen industry proper. 
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THE “EXCELSUS” PROPELLER SHAPING 
MACHINE. 


Ox June 6 there was a representative gathering 
from the Air Board, Ministry of Munitions and delegates 
of the British Aeroplane Manufacturers at Messrs. A. 
Ransome and Co.’s Works, Newark-on-Trent, to 
witness a trial of their new patent Propeller Shaping 
Machine, brought out in conjunction with Mr. J. J. 
Kerr, of Lincoln. 

The trial was in every way satisfactory. Un- 
fortunately no 4-blade propellers were available, but 
the machine shaped the blades of a 2-bladed propeller, 
9 ft. long, the work being excellent, especially the 
knife edges of the blades. The finish was so good 
that the propeller only needed touching up with sand- 
paper after it left the machine. 

The machine is essentially a copying lathe, in which 
the blank is held between one set of centres, or the 
equivalent of centres, and the model between another 
set. The two are geared together, so that the blank 
and the model rotate at the same speed. A roller, 
104 in. in diameter, runs on the model, while a 
cutter block, also 10} in. in diam., runs in contact 
with the blank and cuts it to shape. The cutter block 
and the roller are both carried on the same swinging 
angle bracket, and this bracket has a boss embracing 
a heavy lead screw running down the centre of the bed. 
In addition to the boss there isa split nut rotated by 
gearing from the cutter spindle. By mearis of the nut 
the swinging bracket is fed along the blank. The cutter 
block has therefore a steady feed along the blank, 
while at the same time it is moved towards and from 
the centre of the blank by the roller running on the 
model. 

It was stated above that the blank is carried 
between the equivalent of centres. At one end it is 
supported by a tail stock with the usual dead centre. 
At the other end is what may be called the driving 
headstock. It consists of a large ring or bearing, in 
which there rotates a flanged disc, something like the 
clutch of a motor car, except that the flange is parallel 
instead of taper. There is a large hole through the 
disc, through which the propeller is passed, and an 
angle plate to which the propeller is bolted by a bolt 
passing through its boss. The annular flange of the 
disc carries worm teeth by which it is rotated, the 
worm shaft also rotating the model at the same speed. 
When one blade of the propeller has been shaped the 
blank is unbolted and turned end for end for the other 
blade to be shaped. 

It is impossible to make all the details of the machine 
clear without the aid of illustrations, which it is not 
desirable to publish at the present time. Messrs. 
Ransome and Co. will send further particulars if asked. 





PrrsonaL.—The “ Sentinel ”” Waggon Works, Limited, 
Shrewsbury, inform us that they have taken over the 
works and all the steam waggon business lately belonging 
to Messrs, Alley & MacLellan, Limited. The new company 
will deal with all accounts in connection with the sale 
and manufacture of the “Sentinel” steam waggons, 
their parts and accessories.—We are informed by Messrs. 
Henry Ford and Son, Limited, 59, Shaftesbury-avenue, 
W.1, that a limited number of “ Fordson” tractors 
are now ready for immediate despatch to purchasers. 





Roya Soorety or Arts Mepats.—The Council have 
awarded the Society’s Silver Medal to the authors of the 
following papers read before the Society during the 
past session: W. Lawrence Balls, Sc.D., Manager of 
Cotton Investigations for the Fine Cotton Spinners’ 
and Doublers’ Association, ‘Examples of Applied 
Science in the Cotton Industry”; George Martineau, 
C.B., “‘Sugar from several Points of View”; John B. 
Farmer, D.Sc., F.R.8., Professor of Botany, Imperial 
College of Science and Technology, “‘The Rubber 
Planting Industry’; Martin O. Forster, D.Sc., F.R.S., 
“Organic Chemistry in Relation to Industry”; H. M. 
Surtees Tuckwell, M.I.Mech.E., “‘The Tata Iron and 
Steel Works”; Sir Walter Egerton, K.C.M.G., 
Governor of British Guiana, 1912-17, “‘ British Guiana 
and the Problem of its Development.” 





‘SHipsurtpine iv Swepen.—A good-sized shipyard 
will be started at Rénneby; it will, in fact, according 
to the plans, be the largest in Sweden, with six to eight 
slips. The new yard will, it is expected, be able to start 
building in a couple of years’ time, and is particularly 
intended for large cargo steamers. The plan of extending 
the Karlskrona dockyard so as also to cover the building 
of merchant vessels, has been met with stron protest 
from. the Union of Swedish Shi ers. In favour of 
the State scheme it was argued, that a yard of this 
description would enhance the position of the State in 
the matter of placing possible future contracts, acting 
more especially against the formation of trusts. The 
Shipping Union meets these arguments in an effective 
manner, and maintains that there is no adequate cause 
for the State to embark upon such a comprehensive 
and costly scheme as the erection of a large shipyard 
for the building of merchant vessels. An extension of 
the dockyard, as such, is a very different matter. 





NATIONAL ENGINEERING WORKS. 


Royal Ordnance Factories.—The Ordnance Factories 
accounts are on a more intelligible plan than those of 
the Royal Aircraft or National Factories. It seems that 
materials, wages and some other smaller items are 
charged against each order or “‘ customer ”—the custo- 
mers being the Navy, Army, India and Munitions 
Ministry. ‘These are ‘direct’ expenditure. The other 
expenditure is classed as “ indirect,” and includes the 
pay of the managing, clerical, technical and_ general 
staffs ; maintenance of plant, tools, &c., and deprecia- 
tion ; power, light, transport, rates, and various charges. 
The “indirect ” expenditure corresponds, therefore, to 
that classed by engineering firms as ‘‘ establishment ” or 
“overhead ”’ charges. It is not clear how far the 
principle of making all possible charges direct, rather 
than indirect, is carried. The factories were worked on 
monies voted in advance of production as circulatin 
capital, and on a fixed capital of 3,900,0001., Pence. | 
during the year to 4,600,0001. The year dealt with in 
the accounts is from April 1, 1916, to March 31, 1917. 
The principal items of the accounts give a general idea 
of the operations. 


Direct Expenses. £ 
Wages and police... 11,578,352 
Materials and stores 22,230,001 

Indirect expenses 4,559,229 


There are various adjustments, which we need not 
follow in detail, the expenses amounting to a total of 
38,000,0007. in round figures. The production was to 
the order of the following Ministries :— 


Income. 


£ 

Navy 4,465,096 
Army 433,232 
India se 13,168 
Munitions ... 27,755,032 
Total ... - £32,666,528 
Sale of old stores, &c. 2,013,607 
£34,680,135 


The balance, about 3,500,000/., is accounted for by the 
increase of stores, &c., in hand, accounts owing to the 
factories, and various balances. The theory of the 
system is that the income is derived from an advance 
of money voted by Parliament, the amount of the 
advance being the estimated cost (in fairly full detail) 
of maintaining and enlarging the factories; paying 
salaries, wages, &c. ; and buying materials. The actual 
and the estimated expenditure, under this system, are 

rinted in parallel columns, and the differences adjusted 
in the annual account. In present conditions the esti- 
mates could not be made, but money was advanced as 
required, and the expenditure classified under the pre-war 
headings. Parliament, in fact, voted the total amount 
spent. A table is given, in the Auditor-General’s report, 
appended to the accounts, which includes the following 
figures :— 


Year. Capital. Production. 
£ £ 

1913-4 ... 2,287,000 3,821,000 

1914-5 ... 2,718,000 7,699,000 

1915-6 ... 3,917,000 19,721,000 

1916-7 ... 4,696,000 32,666,000 


The heading given in the table, for capital, is given in 
full as ‘‘ Book value of fixed capital,’’ and this is correct 
as the details in the accounts show that the cost of the 
fixed capital has been reduced by allowance for deprecia- 
tion—about 10 per cent. ‘‘ Production,’’ however, is 
simply given in one word as above, and, therefore, may 
be read as the “ Value of the Products.”” The accounts, 
however, give “‘ Production account ; for articles manu- 
factured and services performed,’’ and this includes not 
only services apart from products, but such an item as 
“Housing schemes for munition workers, 546,793/.” 
Presumably, the ordnance factory ‘‘ produced” these 
houses only in the sense of supervising contractors, to 
whom they passed on the money advanced. So that the 
comparison of “ production” as between 1913-4 and 
1916-7 means only that the expenditure on production 
of guns, ammunition, houses, &c., had increased as 
shown. No figures are given to show the quantity or 
value of the guns, ammunition, &c., actually supplied to 
the Ministry, Army, &c. 


Royal Aircraft Factory.—The Royal Aircraft Factory 
was taken over by the Ministry of Munitions as from 
March 1, 1917. he accounts just issued by Mr. H. J. 


Gibson, Comptroller, of the Exchequer and Audit 
Department, contain no comment, except that the 
Ministry Audit could not be completed, and that the 
wages, stores and cash vouching was checked by the 
War Office. These accounts are for the year ended 
March 31, 1917. The principal items are :— 


Fized Capital. 

1916. 1917. 
March 31. March 31. 
£ £ 
Land, permanent way 

and mains... ‘ 19,861 28,586 
Buildings... 172,281 294,787 
Machinery 78,658 139,339 

Stores in Hand. 
General stores ... 276,750 475,045 
Semi-manufactures 61,676 77,192 


Expenditure. 
April 1, 1916, to March 31, 1917. 


£ 

Salaries and officers’ pay 8,055 
Services by contractors 8,126 

“" Bb Sagem san opel 618,436 
Materials... 940,228 
Stores wes 256,121 
Electric current 9,542 
Town gas 3,289 


The i items of income are given as “ Articles 
manufact and services performed,” 951,865/., and 
“* Stores issued " (almost entirely to the Army), 612,890/. 
The accounts do not correspond to either the commercial 
or Service forms, and there is no means of comparing the 
values of income and expenditure. No reference to the 
kind, quantity or value of output appears, except those 
just quoted. Stores debits are 532,871/., and credits, 
1,087,935/.—the inference being that the factory both 
buys and manufactures stores, but the matter is not 
clear, except that the word “ stores ’’ has not the meanin; 

in engineers’ accounts. There is no mention o 
interest on capital or cash used in the business. Deprecia- 
tion appears as 8,619/. on buildings, and 37,1781. on 
machinery. 

National Factories.—According to the accounts for 
the year ended March 31, 1917, published a few days 
ago, there are 143 National Factories. There are engaged 
on shells, projectiles, trench warfare and cartridges, 63 ; 
explosive and filling, 53; box and salvage, 9; mines 
and quarries, 7; instructional workshops, 3; and 

, A “Total balance sheet,” for the whole 
143 factories, is given in a form somewhat different from 
the forms of the Ordnance and Royal Aircraft accounts 
published for the same period. The National Factories 
are operated with money “‘ advanced”’ by the Ministry 
of Munitions, The advances are expend on works and 
plant, classified as ‘‘ capital assets,’’ and on current costs 
classified as ‘‘ production costs.’”” The total expenditure 
on works and plant is 38,542,000/., and this is summarised 
under eleven headings; but it is no use giving the 
details, as 12,253,000/. had not been summarised up to 
May 31, 1918. No particulars are given as to the quantity 
or value of the products of the factories. ‘‘ Articles ” 
were delivered to the Ministry, and the ‘ production 
cost’ of these articles was 235,277,875/. 38. 3d. The 
costs in two groups of factories are of some interest in 
their relative proportions. There are 39 shell factories 
and 11 projectile factories. 


Production Costa. 


Shell. Projectile. 
£ £ 
7,192,168 10,616,437 


Stores and materials 
fi 1,708,385 3,295,352 


Labour ... ee 
Repairs and maintenance 
of buildings, plants, 


tools, &c. if 559,399 1,363,352 
Power, light and heet ... 152,691 320,322 
Other factory expenses 114,977 243,130 
Management a office 213,795 475,170 
Special expenditure 1,511,600 71,070 
Sundries son 65,968 — 


No allowance is made, in any part of these accounts, 
for depreciation. This is a serious omission, as the ratio 
of total cost of fixed capital assets to annual cost of 
production is about as 1 to 6. No comparison of the 
relative efficiency of factories is possible, as the groups 
are each composed of the same kind of factories, No 
allowance for interest on capital appears. The Auditor- 
General comments rather severely on the account-keeping 
both at the factories and at the headquarters of the 
Ministry. 

Whether the National Steel Rolling Mill is included in 
the National Factories Accounts is not clear. It may be 
included in the group of Sundry Factories. The following 

rticulars are mentioned in the Auditor-General's report. 

e original estimate of capital expenditure was 630,0001. ; 
at March 31, 1917, this expenditure had reached 755,0001., 
and a revised estimate showed a required total of 
1,200,000. The Auditor-General states that “the actual 
output has fallen far short” of the expected capacity of 
the plant, while “ the cost of production is considerably in 
excess of the forecast.” The production in 1916-7 was, 
ao small,and the 1917-8 accounts will show fuller 
results. 





Texte Mareriats.—An exhibition of materials 
serving as substitutes for linen, cotton, &c., was held 
in Berlin in the months of March and April last. Three 
relatively new materials were noteworthy : nettle, fibre 
from certain reeds (7’ )and peat. Garments, under- 
clothing and household linen, made from these materials, 
were among the exhibits. 





LONDON AND THE CHANNEL a on 
**London and the Channel Tunnel”’ was y Sir 
Arthur Fell, M.P., Chairman of the House of Commons 
Channel Tunnel Committee, at a meeting of the London 
Society, held in the hall of the Society of Arts. Sir 
Francis Fox, M.Inst.C.E., presided. Sir Arthur Fell 
gave a history of the channel tunnel scheme, and 
stated that it would consist of two parallel tubes. 
The excavation would be performed by revolving cutters 
fixed in Greathead shields. The diameter of tunnel 
would be 18 ft., and the tunnel would be worked, ven- 
tilated and pumped electrici 
run from London to is in less than six hours. It 
was considered that the tunnel could be ——— by 
improved methods of construction in about five years. 

for the construction 
aterloo Station and Black- 
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BRITISH EMPIRE HONOURS TO 
ENGINEERS. 


A LARGE number of appointments to the Order of 
the British Empire were announced in a supplement to 
The London Gazette, June 7, and from the list we take 
the following names of engineers and of others interested 
or eng in engineering work. We hope we have 
not omitted any; but if so, our excuse is that it is not 
in all cases easy to recognise the recipients of this 
honour :— 


Knicuts CommManpers (K.B.E.). 


Col. Henry Edward Fane Goold-Adams, C.B., C.M.G., 
late Controller, Munitions Inventions rtment ; 
Mr. Horace Darwin, F.R.S., Chairman, bridge 
Scientific Instrument Company, Limited, Member of 
Munitions Inventions Department Panel; Mr. John 
Esplen, Senior Partner in the firm of Messrs. len, 
Sons, & Swainston, Limited, Naval Architects; Lieut.- 
Colonel Albert George Hadcock, T.D., F.R.8., Managing 
Director, Sir W. G. Armstrong, Whitworth, and Co., 
Limited; Mr. Alexander Cruikshank Houston, M.B., 
C.M., D.8c., Director of Water Examinations, Metro- 

litan Water Board; Mr. Harry Duncan McGowan, 
Eeenging Director of Nobel’s Explosive Company, 
Limited ; Mr. Adam Nimmo, President, Mining Associa- 
tion of Great Britain, Chairman, Board of Trade Com- 
mittee on the Coal Trade after the War, Member, Central 
Coal and Coke Supplies Committee; Mr. Percival Lea 
Dewhurst Perry, C.B.E., Director of Mechanical Warfare, 
Ministry of Munitions; Mr. Lindsey Byron Peters, 
Chairman, Engineer and Works Supply Committee, War 
Office; Mr. James William Restler, Chairman, Metro- 
politan Munitions Committee; Chief Engineer, Metro- 

litan Water Board; Mr. Allan» MacGregor Smith, 
Chairmen of the Management Committee of the Engineer- 
ing Employers’ Federation; Mr. Harris Spencer, J.P., 
Chairman of the Birmingham Board of ement, 
Ministry of Munitions, Chairman of the Midland 
Employers’ Federation; Lieut.-Colonel Albert Stern, 
C.M.G., Liaison Officer between British and U.S. Tanks 
Department, late Director-General of Mechanical War- 
fare, Ministry of Munitions; Mr. John Edward Thorny- 
croft, Director, Messrs. J. I. Thornycroft and __Co., 
Limited ; Mr. Seymour Biscoe Tritton, partner, Messrs. 
Rendel, Palmer & Tritton, Consulting Engineers. 


CommanpDers (C.B.E.). 


Mr. Conrad Beck, President, British Optical Instru- 
ment Manufacturers’ Association, Chairman and Manag- 
ing Director, Messrs. R. & J. Beck, Limited; Mr. Robert 
Bell, North-Eastern Railway Company; Mr. William 
Walter Bradfield, Managing Director, Marconi Company ; 
Mr. W. Brown, J.P., Chairman of Directors, Messrs. W. 
Simons and Co. ; Mr. Alfred Chandler, General Manager 
and Secretary, Mersey Docks and Harbour Board, Liver- 
pool; Mr. Robert Chisholm, Superintendent of Ordnance 
Factories, Messrs. William Beardmore and Co., Limited ; 
Mr. George Jackson Churchward, Chief Mechanical 
Engineer, Great Western Railway ; Mr. William Cocks, 
Managing Director, Channel Dry Docks Company, 
Cardiff ; Mr. John Craig, Managing Director, Mean 
David Colville and Sons, Limited ; Mr. David Charles 
Cummings, Assistant Industrial Commissioner, Ministry 
of Labour; Mr. Thomas Daly, Superintendent of Naval 
Construction, Admiralty; Mr. Henry Samuel Denny, 
Superintendent at one of H.M. Factories, Ministry of 
Munitions ; Captain Maurice Edward Denny, late Deputy 
Director of igns, Department of the Controller- 
General for Merchant Shipbuilding, Admiralty; Mr. 
Harold Baily Dixon, F.R.8., Professor of Chemistry, 
Manchester University; Mr. Alfred Dobrée, Member, 
Ordnance Committee, Ministry of Munitions ; Mr. Albert 
Eddison, General Manager, Messrs. Kynoch, Limited ; 
Major Arthur Stewart Eve, F.R.S., D.Sc., Resident 
Director of Research, Admiralty Experimental Station, 


Parkeston; Mr. William Fraser, ing Director, 
Pumpherston Oil Company, Limited ; jor John 
Ronald Greg, Director, Metropolitan Carriage, wee 
& Finance Company, Limited: Mr. Alfred John Hill 


Chief Mechanical ineer, Great Eastern Railway ; 
Mr. Edward Manger Iliffe, Controller, Machine Tool 
rtment, Ministry of Munitions; Engineer-Captain 
William Henry James, R.N., Engineering r, 
Devonport Dockyard ; Mr. William John Jones, Assistant 
Controller, Iron and Steel Department, Ministry of 
Munitions; Mr. Charles Russell Lang, Joint Managing 
Director Messrs. G. & J. Weir Limited Cathcart ; 
Mr. William Malesbury Letts, Managing Director, 
Crossley Motors, Limited; Mr. Charles John Graham 
MacGuckin, General » Ammunition Depart- 
ment, Messrs. Sir W. G. strong, Whitworth and 
Co., Limited; Mr. Herbert Marriott, Goods 
Manager, Lancashire and Yorkshire Railway ; Mr. Hol- 
berr sforth, General Works Manager, British West- 
inghouse Electric and Manufa turing Company, Limited, 
Member, Manchester Co-operative Munitions Board of 
} ent, and Member Manchester National Shell 
Fact Board of Management; Lieut.-Colonel John 
Mitchell Moncrieff, R.E., late Director of — ee, 
Work, Department of the Cdntroller-General for Merchant 
Shipping, Admiralty ; Mr. George Howard Nash, Chief 
Engineer, Western Electric Company; Mr. Frederick 
mo —— Director, Handley Page, 
Limited ; eer- in William Roskill 
R.N.; Col Denis Paul, C.M.G., Principal Inspector 
of Ordnance Machinery, B.E.F., France; Mr. ward 
Shrapnel! Shrapnell-Smith, Chairman of the Standing 
Joint Committee of Road Transport Associa- 
tions, Chief Economy Officer, Petroleum Executive ; 
Mr. Henry White Smith, Director and Secretary, British 
and Colonial Aeroplane Company, Limited, Guaiemen, 


,| Director, Railway Materials De 





Society of British Aircraft Constructors; Mr. W. H. 
Steele, Esq., Assistant Traffic Manager and Acting Traffic 
Monager, Chines Government Railways, Peking-Mukden 
Line; Mr. Andrew Wilson Tait, ., Chairman, British 
Aluminium Company, Limited ; r. William Bruce 
Thom , Esq., ging Director, Caledon Shipbuilding 
and ineering Company; Mr. Walter Livingstone 
Topple, Superintendent, Electric and Ordnance Acces- 
sories Company, Limited; Mr. Beresford Verschoyle, 
Chief Engineer, ptian State Railways ; Major George 
Frederick Parrett West, R.E., Superintendent of the Line, 
London & South-Western Railway ; Mr. Robert William- 
son, J.P., Managing Director, Mount Stuart Dry Docks 
Company, Cardiff ; Engineer-Commander William Henry 
Wood, R.N., Director and ~~ ing Ma r, Messrs. 
John Brown and Co.; Mr. rge Ernest Woodward, 
Director of Ammunition Production, Admiralty ; Mr. 
Charles Henry Wordingham, President, Lastitution of 
Electrical Engineers, Director of Electrical Engineering, 
Admiralty. 
Orricers (O.B.E.). 


Mr. William Anderson, Chairman, Glasgow Central 
Advisory Committee; Mr. Charles Gurney Atha, 
Managing Director, The Frodingham Iron and Steel 
Company, Limited; Mr Edward Lewis Attwood, Chief 
Constructor, Department of Director of Naval Construc- 
tion, Admiralty; Captain James Waters Earnscliffe 
Avern, Section Director, Labour Department, Minist 
of Munitions; Mr. William Valentine Ball, Civil Liabili- 
ties Commissioner for Essex; Captain Frank Sowter 
Barnwell, Aeroplane Designer, British and Colonial Aero- 

lane Company, Limited ; Lieut.-Colonel Bernard John 

olfe Barry, Staff Officer, First Class, R.A.F.; Mr. 
Herbert Bates, Managing Director, Messrs. Hulse and Co., 
Limited ; Mr. William John Benson, Section Director, 
Ministry of Munitions ; Mr. Herbert John George Bland- 
ford, Warship Production Superintendent, Department 
of Director of Warship Production, Admiralty; Mr. John 
Bond, Engineer, Southport Gas Company, In tor for 
Gas Section, Explosives Supply Department, Ministry of 
Munitions; Mr. John Robert Bond, Assistant Director, 
Shipyard Labour Department, Admiralty ; Mr. Robert 
Alexander Stewart Boyton, Inspector of Fuses, Cartridge 
Cases, and Complete Rounds, Canada, Ministry of 
Munitions; Mr. Granville Eastwood Bradshaw, Messrs. 
Walton Motors, Limited; Mr. Archibald Hall Brown, 
Deputy Controller, Gun Supply Department, Ministry 
of Munitions; Mr. William J h Willett Bruce, 
Superintending Engineer, Mercantile Marine ; Mr. Charles 
Henry Bulleid, Manager of a National Shell Factory ; 
Captain William Henry Chambers Bullen, Principal 
Assistant, Controlled Establishments Division, Ministry 
of Munitions; Mr. William Beckit Burnie, D.Sc., Brigh- 
ton War Pensions Committee and Brighton Technical 
Institute ; Mr. Frank Bushrod, Assistant-Superintendent 


.| of the Line, London and South-Western Railway ;° Mr. 


Albert Butler, Principal Clerk (in charge of Accounts), 
Royal Arsenal, Woolwich ; Captain Henry Leon Cabuche, 
Assistant Controller, Department of Engineering, Ministry 
of Munitions. 

Mr. Harold Richards Chaldecott, Manager, Elswick 
Shipbuilding Yard, Newcastle; Mr. Rowland Hugh 
Charlton, Ghanian and Managing Director, Messrs. 
Charlton and Co., Engineers, Grimsby; Major George 
Ernest Cockburn, Assistant Director of Engineering 
Work, Department of Controller-General for Merchant 
Shipbuilding, Admiralty ; Mr. Charles Benjamin Collett, 
Locomotive Works Manager, Great Northern Railway ; 
Mr. James Cosgrove, Chief Engineer, Mercantile Marine ; 
Mr. Richard Andrew Crafter, Harbour Master, Mersey 
Docks and Harbour Board, Liverpool; Mr. George 
Crammond Croal, Chief Engineer, Mercantile Marine ; 
Mr. William John Cruddas, Section Director, Aircraft 
Production Department, Ministry of Munitions; Mr. 
Alexander Charles ———, D.8ec., Director, Lothian 
Chemical Company, Limited, Manager at one of H.M. 
Factories, Ministry of Munitions; Mr. Norman Pearson 
Dalziel, Assistant to Chief In tor of Munitions, Canada, 
Ministry of Munitions; Colonel Thomas Edward St. 
Clare Daniell, M.C., Deputy Director of Aircraft Equip- 
ment, R.A.F.; Mr. omas Evan Davies, Section 
rtment, Ministry of 
Munitions; Captain William Henry Saxon Davies, 
Deputy Director, Motor Transport, Boulogne, British 
Red Cross Commission, France; Mr. Norris Henry 
Deakin, Secretary, Sheffield Employers’ Federation ; 
Mr. Arthur Christopher ham, Section Director, 
Priority Department, Ministry of Munitions; Mr. 
Edward Dixon, Messrs, Firth and Son, Limited, Sheffield ; 
Mr. Robinson Irving Dodsworth, Head of Steamship 
Management Department, Messrs. Furness, Withy, and 
Co. ( don); Mr. Bedford Lockwood Dorman, Direc- 
torate of Artillery, War Office ; Mr. Frank George Edmed, 
Principal Assistant Chemist, Inspection Department, 
Ministry of Munitions; Mr. John Edwards, Manager, 
Messrs. Hick, Hargreaves, and Co., Limited ; Mr. James 
Valentine Ellis, Commercial and General - 3 
Workington Iron and Steel Company, Limited ; r. 
Lawrence Ennis, General Manager, Messrs. Dorman, 
Long, and Co., Limited. 

Mr. Alfred William Farnsworth, Secretary and 
General Manager, Derbyshire Munitions Board of 
Management ; Mr. Thomas Fender, Works Superinten- 
dent, Messrs. Vickers, Limited, Barrow; Mr. William 
Henry Ffiske, Managing Director, Messrs. Boulton and 
Paul, Limited ; Mr. Herbert Stanley Field, Chief Dilu- 
tion Officer, York and East-Midland Division, Ministry 
of Munitions; Mr Arthur Percy Morris Fleming, 
Engineer, British Westinghouse Company, Hon. Sec., 
— .- Anti = rine A mg Mr. F 

r Fletcher, Electrical ineer, Department of 
Director of Electric Engineering, Admiralty ; Mr. Allen 
Edward Ford, Section Director, Aircraft Finance Depart- 
ment, Ministry of Munitions; Captain Ralph Howard 





rank | Murray Pla » 





Fowler, Munitions Inventions Department ; Mr.’G. E. 
Franey, Technical Reporter; Captain Francis Arthur 
Freeth, Chemist, Messrs. Brunner, Mond and Co., 
Limited ; Mr. Guy Carey Fricker, ing Director, 
Fricker’s Metal Company, Limited ; Major Henry George 
Gandy, D.8.0., Brigade-Major and Secretary, School 
of Military ineering ; Mr. Holbrook Gaskell, Chief 
Engineer, United Alkali Company, Limited ; Mr. 
John Macauslan Gilchrist, Manager, Repairing Works, 
Messrs. Barclay, Curle and Co., Limited, Whiteinch ; 
Mr. Herbert Glaser, Section Director, Aircraft Production 
rtment, Ministry of Munitions ; Mr. Francis Edward 
Gobey, Wagon and Carriage ee ye Lancashire 
and Yorkshire Railway; Mr. Edward Douglas Grasett, 
Out-door Traffic Superintendent, North Staffordshire 
Railway; Captain Alured Ussher Greer, Assistant- 
Controller, Salvage Department, Ministry of Munitions ; 
Lieut.-Colonel ‘Alfred Gregory, Senior Technical Examiner 
of Works Services, War Office; Mr. Frank Grove, In- 
tor of Munitions Areas, Manchester, Minist of 
_— Engineer-Commander Arthur Sydney 1, 


Mr. Martin Julian Hall, Late Section Director, Gun 
Statistics Department, Ministry of Munitions.; Mr. Wil- 
liam Harrison, Chairman, Manufacturers’ (Agricultural 
Machinery-Implements), Advisory Committee, Mini of 
Munitions, Director, Messrs. Harrison, Macgregor and Co., 
Limited; Mr. William Hartree, Munitions Inventions 


ty | Department ; Captain Geoffrey de Havilland, Aeroplane 


igner, Aeroplane Manufacturing Company; Mr. George 
Patrick Hayes, Superintending Civil Engineer, H.M. 
Dockyard, Devonport ; Captain Geoffrey Head, Secre- 
tarial Officer, Ministry of Munitions ; Major Lionel Brook 
Holliday, Chairman, Messrs. L. B. Holliday and Co., 
Manager at one of H.M. Factories, Ministry of Munitions ; 
Colonel Robert Blake Worsley Holmes, Chief Mechanical 
Engineer, Inland Waterways and Docks, Richborough ; 
Mr. Felix William Hudlass, Consulting Engineer to Motor 
Ambulance Department, British Cross Society 
Headquarters, London ; Mr. Jesse Brookes Hunt, Super- 
intending Civil Engineer, H.M. Dockyard, Portsmouth. 

Mr. Hugh Inglis, Assistant to Locomotive Superinten- 
dent, North British Railway ; Mr. Robert Stewart John- 
son, Managing Director, Messrs. Workman, Clarke and 
Co., Limited, Belfast. 

Mr. James Scott Kincaid, Managing Director of Messrs. 
Kincaid and Co., Greenock; Engineer Commander 
Joseph John Kirwin, R.N., Engineer In tor, Engineer- 
in-Chief’s Department, Admiralty; gineer Lieut.- 
Commander Robert G. Knox, R.N., Superintending 
Officer, Syra Dockyard ; Mr. Hugh Laing, Director, Sir 
James Laing and Co., Limited, Deptford Yard, Sunder- 
land; Mr. Francis Lawrence Lane, Managing Director, 
Leeds Forge Company, Limited ; Chief Engineer Claude 
Charles Lapsley, R.N.R., Chief Engineer, Mercantile 
Marine; Mr. Ernest John Hutchings Lemon, Carriage 
and Wagon Works Manager, Midland Railway. 

Chief Engineer Robert Leslie, R.N.R., Superintending 
Engineer, Mercantile Marine; Major Tom Lethaby, 
Deputy Assistant Director of Equipment and Ordnance 
Stores, War Office; Captain omas Henry Carlton 
Levick, Director, Messrs. Harris and Dixon, Limited, 
Steamship Owners ; Engineer-Commander Alfred William 
Littlewood, R.N. 

Mr. Arthur John McCormack, Managing Director, 
Messrs. Wolseley Motors, Ltd.; Mr. Edward. Bellasis 
Wightman Maitland, Section Director, Gun Ammunition 
Department, Ministry of Munitions; Mr. Frank William 
Marillier, Manager, Carriage and Wagon Works, Great 
Northern Railway; Major John Lynn Marr, Assistant 
Director, Department of Controller-General for Merchant 
Shipbuilding, ogg Mr. David Martin, Chief 
Investigation Officer, West Midland Division, Ministry 
of Munitions; Mr. Charles James Maslin, Member, 
Munitions Works Board ; Mr. Thomas Lodwick Miller, 
General Manager and Secretary, Liverpool Munitions 
Board of Management; Mr. Jules Louis Morisons, 
Managing Director, General Stores and Munitions 
Company, Limited; Mr. William Richard Morris, Con- 
troller of a Trench Warfare Factory ; Mr. Sidney William 
Morrison, Section Director, Experimental and Technical 
Branch, Optical and Glassware Department, Ministry of 
Munitions ; Mr.John Moxon, Secretary, Newport Munitions 
Board of Management ; Mr. Harry John Swenson Moyses, 
Manager, Birmingham Railway Carriage and Wagon 
Company, Limited; Major James Ernest Muir, Chief 
Inspector of Auxiliary Shipbuilding, Scotland ; Mr. John 
Muirhead, General nager, Messrs. Russell and Co., 
Port Glasgow; Mr. George Frederick Muntzer, Section 
Sindee, Retndinaeal Machitrery Department, Ministry 
of Munitions ; Mr. Thomas Keppel North, Superintendent 
at one of the establishments of Messrs. Vickers, Ltd. 

Mr. Harry Ekermans Oakley, Superintending Civil 


Engineer, ay A Captain Frederick George Orme, 
Inspector, Hi xplosives, Ministry of Munitions ; 
Mr. William id Palmer, Assistant Director, Rail- 
way Materials ment, Ministry of Munitions ; 


y 
Mr. Richard Alf. Ernest Payne, General Manager, 
King’s: Norton Metal Company, Ltd.; Lieut.-Colonel 
Edward Raymond Peal, D.S8.C., Directorate of Air- 
craft Production, R.A.F.; Mr. Robert John Addison 
Pearson, Local Director, Messrs. Vickers, Limited ; 
Mr. Leonard Peskett, Naval Architect, Cunard Steam- 
ship Company, Limited ; Major James Petrie, District 
Engineer, London, Brighton and South Coast Railway : 
Mr. James Charles Philip, D.Sc., Hon. Sec. Chemica! 
Society ; Mr. Ernest William Phillips, Principal Clerk, 
Royal Small Arms Factory, lately employed on Specia! 
Service in U.8.A.; Mr. Isaiah Platt, ing Director, 
Messrs. Samuel Platt, Limited; Brevet-Major Charles 
i tor of Carriages, Barrow and 
Manchester Districts, Mini of Munitions. 

Mr. Robert Pollok, Shi; al Manager, Messrs. Vickers, 
Limited, Barrow ; Mr. Herbert James Bingham Powell. 
Munitions Inspector in Charge of Gauge Inspection, 
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U.S.A., Ministry of Munitions; Mr. Thomas Charles 
Pullinger, Managing Director, Messrs. Arrol Johnston, 
Limited ; Mr. William Frank Purdy, Joint Secretary of 
the Shipconstructors’ and Shipwrights’ Association ; 
Mr. Arthur Temple Quelch, Manganese Bronze and Brass 
Company, Limited ; Captain James Robert Rae, Master, 
Mercantile Marine; Mr. James Ramsay, Plant Superin- 
tendent, Caledonian Railway; Mr. Thomas Henry 
Randolph, Chairman, Wilkinson Sword Company, 
Limited ; Engineer-Captain Alfred Rayner, R.N., Hon. 
Secretary and Treasurer, Soldiers’ and Sailors’ Families’ 
Association, Chatham; Mr. Robert Reid, Senior 
Engineer, Mercantile Marine; Lieut.-Colonel Alexander 
Emil Jacques Reiss, R.A. F., Assistant Controller,Materials 
Branch, Aircraft Production Directorate; Mr. Harold 
Bulkeley Reynolds, Manager of Plant and Machinery 
and Design of Plant Installation, Messrs. Babcock and 
Wilcox, Limited; Acting-Commander Sidney Sherlock 
Richardson, R.N.R., R.D., Officer in Charge of Defensive 
Armament, Trade Division, Admiralty; Mr. William 
Rentoul, Manager of the Research Section at one of the 
factories of Nobel’s Explosives Company; Mr. William 
Roberts, Liverpool Manager, Messrs. Fred Leyland and 
Cc 


0. 
Mr. Samuel Robinson, Manager at one of the 
establishments of Messrs. Vickers, Limited; Mr. John 
Head of Technical Department at one of the 
factories of Nobel’s Explosives Company, Limited ; 
Captain William David Ross, Deputy Director of Inspec- 
tion of Munitions (Administration), Miaistry of Muni- 
tions; Mr. George John Rowe, Workmen’s Representa- 
tive, Committee on Production; Mr. George Dearie 


Russell, Ini tor, Gun Ammunition, a Factories, 
Ministry of Munitions ; Mr. George Thomas Ryder, J.P., 
Member, 


Ministry of Munitions Special Arbitration 
Tribunal on Women’s —— 
Amalgamated Society of gineers, Member, Birming- 
ham Munitions Board of Management; Second-Lieut. 
Percy Alan Sanders, Partner, Messrs. Davey, Paxman, 
and Co.; Mr. Richard William Sharples, Assistant 
Director, Munitions Overseas Transport, Ministry of 
Munitions; Mr. Edward Herbert Shaughn a Stall 
Engineer, G.P.O. ; Lieut. Robert Shaw, Deputy Director 
of Eahene Supply: Ministry of National Service, Northern 
Region ; Mr. Walter Rider Shephard, Section Director, 
Mechanica! Transport Department, Ministry of Munitions; 
Commander Carlton ollingwood Sherman, R.N., 
Deputy Director of To: o and Mines Production, 
Admiralty ; Mr. Charles William Shute, Naval Architect, 
Union Castle Line; Mr. George Arthur Skentelbery, 
Manager, Blyth Shipbuilding and Dry Docks Company ; 
Mr. Samuel Smiles, D.Sc., F.R.8., Assistant Professor 
of Chemistry, University College, London ; Mr. William 
James Smith, Director, Tank Storage and Carriage 
Company ; Captain Frank Somers, Chief Engineer and 
Director, Messrs. Walter Somers and Co., Limited; 
Mr. Percy Malcolm Stewart, J.P., Section Director, 
Government Rolling Mills Department, Ministry of 
Munitions; Mr. Henry John Scott Stobart, Managing 
Director, Messrs. Chance Brothers and. Co., Limited ; 
Mr, Sandham John Symes, Chief Locomotive Draughts- 
man, Midland Railway. 

Mr. Bateman Brown Tarring, Works Manager at 
one of the National Filling Factories; Mr. John 
Taylor, J.P., President, Dudley Trades Council; Mr. 
John Frederick Ivor Thomas, Munitions Inspector, 
Chicago and Cleveland Districts, U.S.A., Ministry of 
Munitions ; Mr. Joseph Silvers Williams-Thomas, J.P., 
Chairman, British Flint Glass Manufacturers’ Associa- 
tion, Limited, Chairman, Messrs. Stevens and Williams, 
Limited; Mr. John Thompson, General Secretary, 
Associated Blacksmiths’ and Ironmongers’ Society ; 
Mr. Benjamin Edward Todhunter, J.P., Managing 
Director, Cotton Powder Company, Limited; Mr. 
Walter Bertram Turnock, Manager, Port Talbot Steel 
Com , Limited ; Mr. William Vincent Waite, General 
Wor! ager, Messrs. Marshall, Sons and Co., Limited, 
Gainsboro ~ Mr. Henry Watson, Director, Tredegar 
Dry Dock Company; Mr. Samuel John Wavish, Ship- 
buildi Manager, Messrs. Cammell, Laird and Co., 
Limited ; Mr. rge Philip West, Steel Superintendent, 
Materials and Priority Department, Admiralty; Mr. 
John Whyte, Chief Engi » M tile Marine; Mr. 
John Wilkinson, Engineer and Manager, Nottingham 
Corporation Gas Works ; Mr. ‘Alexander Wilson, Assistant 
to General Manager, North Eastern Railway; Mr. 
Arthur Wormald, Works Manager, Messrs. Rolls-Royce, 
Limited ; Mr. George Hudson Wright, Engineering 
Manager, Messrs. Cammell, Laird and Co. 


late District Delegate of 





Mempers (M.B.E.). 


Mr. George Alder, Ermin’s Floating Dock Company, 
Middlesbrough ; Mr. Robert Bayles Armstrong, t 
Manager, Engineeri Side, Messrs. Hawthorn, Leslie 
and Co.; Mr. James croft, Works Manager, Messrs. 
Howard and Bullough, Limited; Mr. Samuel Hen 

Gilmore Barnett, Works Manager at a National She! 
Factory ; Mr. Gilbert Thomas Bayliss, General » 
Small Arms Ammunition rtment, Messrs. Rudge- 
Whitworth, Limited; Mr. arwick Henry Beanes, 
Technical Assistant, Messrs. Perkins, Engineers, Ltd. ; 
Mr. John Millar Beattie, Manager at a Nationa! Shell 
Factory; Mr. Charles David Jarrett Bell, Act 

Constructor, Admiralty; Mr. Aubrey Brian Binns, Chi 

of the Technica] ment, Messrs. Swan, Hunter 
and W Ric ; Mr. Philip Birtwistle, Tech- 


nical Assistant, Machine Tool ent, i 

of .Munitions; Mr. Atholt Blain? Baller “Sh and 
Manager, Messrs. Harland and W ; Mr. 

Robert Blair, MeKie and 


Baxter, G! ; 
a Robert Blaylock, pe mec, Mesers, Darington 

Company, Darlington ; . Robert Gordon 
Borland, Civil Vaginesring Assistant, Directorate of 


Fortifications and Works, War Office; Mr. Edwin 





Lewton-Brain, Acting First Assistant, Electrical Engineer, 
Department of Director of Dockyards and Repairs, 
Admiralty; Mr. Perey Bramwell, Deputy Assistant 
tor of Seaplanes, Aeronautical Inspection, Minist 
of Munitions ; Mr. 8. A. Bridger, Foreman of the Yard, 
Gibraltar; Mr. David Brown, Chief Draughtsman, 
Shipyard, Messrs. Vickers, Ltd., Barrow; Mr. William 
Henry Bunch, Works Manager at a National Shell 
Factory; Mr. Frank Playfair Burt, Senior Lecturer in 
Chemistry, Manchester University, Chief Assistant to 
Deputy Inspector of High Explosives, Manchester, 
Ministry of Munitions; Mr. Harold Butler, Partner, 
Messrs. J. Butler and Co. ; — —_ Pratt en 
ting Engineer, Machine Too rtment, Minis- 
a frunitions ; Mr. David Caldwell, Outside 
Foreman Engineer, Messrs. John G. Kincaid and Co., 
Limited, Greenock; Mr. Rupert Harry Calvert, Non- 


Ferrous Materials Supply rtment, Ministry of 
Munitions. 
Mr. Charles Maurice Carter, Acting Constructor 


in the Department of Director of Naval Construction, 
Admiralty ; Mr. James Childs, Head Iron Foreman, 
Messrs. Swan, Hunter and Wigham Richardson. 

Mr. John Alexander pe eng er, Manu- 
facturing Division at one of the factories of Nobel’s 
Explosives Company; Mr. Charles Henry Cole, Civil 
Engineer, Admiralty; Mr. John Howarth Collins, 
Department of Assistant Inspector of Engines, Aero- 
nautical Inspection, Ministry of Munitions; Mr. Allan 
Ernest Cooper, Managing Director, Messrs. Allan Cooper 
and Co.; Mr. Alexander Crawford, Messrs. Swan, 
Hunter and Wigham Richardson; Mr. James Dickie, 
Dock Manager, Messrs. Palmer’s my ee Company, 
Limited, Hebburn; Mr. William Dickinson, Foreman 
Engineer, Messrs. Swan, Hunter and Wigham Richardson; 
Mr. Thomas Flavell, Manager, Wheel Department, 
Coventry Ordnance Works; Mr. Frederic John Fleming, 
Works ay Messrs. Williamson, Limited ; y 
Peter Frank, Chief Engineer at one of the establishments 
of Messrs. Kynoch, Limited; Mr. Richard Garlick, 
Indoor Technical Manager, Northumberland Ship- 
building Company; Mr. Charles Scott Garrett, D.Sc., 
Superintendent at one of H.M. Factories, Ministry of 
Munitions ; Mr. James Gillespie, Works Manager, Messrs. 
David Colville and Sons, Limited ; Mr. Thomas Gillett, 
Managing Director, Messrs. Gillett, Stephen and Co., 
Limited ; Mr. Cornelius Godsell, Foreman in the Carriage 
Works, London and South-Western Railway ; Mr. John 
Thomas Goodwin, Sheepbridge Iron Co., ae ; Mr. 
William Gouk, Engine Works Manager, Messrs. Harland 
and Wolff; Mr. Percy Gray, Assistant to Assistant 
Director, Shipyard Labour Department, Admiralty 

Mr. Robert Gray, Works mager, Messrs. Dorman, 
Long and Co., Limited; Mr. John Hardie, Assistant 
Superintending Engineer, General Post Office; Mr. 
Wilfred Fulleylove Fielcke, Manager at one of the estab- 
lishments of Messrs. Kynoch, Limited; Mr. Alexander 
James Hendin, Chief Draughtsman, Shipbuilding 
Department, Fairfield Shipbuilding and Engineering 
Company; Chief Artificer-Engineer Nicholas John 
Hicks, R.N. ; Mr. Robert Hinchliffe, Chief Draughtsman, 
Messrs. Armstrong, Whitworth and Co.; Mr. William 
Anthony Hogarth, Works Manager, Steel Company of 
Scotland, Limited; Mr. Thomas Houston, Assistant 
Shi yard Manager, Messrs. Harland and Wolff; Mr. 
William Hume, Tateaer of Boiler Department, Wallsend 
Slipway and Engineering Company, Limited; Mr. 
George Albert Hunter, Leading Draughtsman, Messrs. 
Swan, Hunter and Wigham Richardson; Mr. Thomas 
Jobling, Foreman Blacksmith, Messrs. Swan, Hunter 
and Wigham Richardson; Mr. Alfred Richard Jones, 
London Representative of Messrs. Guest, Keen and 
Nettlefolds, Limited; Mr. Frederick Tobias Jones, 
Works Manager, Ministry of Munitions Instructional 
Factory, Birmingham ; Mr. John Clague Joughin, Acting 
Constructor, Department of Director of Warship Pro- 
duction,, Admiralty; Mr. Henry Titus Kelly, Chief 
Engineer, Mercantile Marine ; Mr. Arthur Thomas Kent, 
Engineer, Woodhall-Duckham Vertical Retort and Oven 
Construction Company, Limited; Mr. Thomas Kenyon, 
Assistant Manager, Gun Mounting Department, Messrs. 
Armstrong, Whitworth and Co.; Mr. George Clarvis 
Kirby, ger, Wood-working rtment, Messrs. 
Ruston Proctor and Co., Limited; Mr. William Letty, 
Principal ineering Overseer, Engineer-in-Chiet’s 
Department, iralty; Mr. Percy a Works 
Manager, Messrs. Samuel Fox and Co., Limited; Mr. 
Andrew McClelland, Chief Shipyard Draughtsman 
Messrs. Swan, Hunter and Wigham-Richardson; Mr 
Thomas Brown McGilchrist, Chief Engineer, Mercantile 
Marine; Mr. Robert William MacGregor, Superin- 
tendent at one of H.M. Factories, Ministry of Munitions ; 


Mr. James Graham MclIlvenna, Assistant Outside 

r, Messrs. Swan, Hunter and Wigham Richardson; 
Mr. onald Mackenzie, Chief E eer, Mercantile 
Marine; Mr. Hugh McMaster, J.P., Leading Plater, 


Messrs. Russel] and Co., Port Glasgow. 

Mr. Thomas McPherson, Chief Draughtsman, Messrs. 
Wallsend Slipway and ineering Co,; Mr. Alexander 
McRae, Chief Shipyard raughtsman, Messrs. Swan, 
Hunter and Wigham Richardson; Mr. Neil McVicar, 
Assistant Manager, Messrs. Barclay Curle and Co. ; 
Mr. Thomas Molyneaux, Resident Engineer and Manager 
at a National Shell Factory ; Mr. Thomas Mordey, Head 
Foreman over Steel Workers, Messrs. W. Gray and Co., 
West Hartlepool; Mr. Edward Morgan, 


8) rd ineer, Messrs. Swan, Hunter and Wi 
Riteedoon, éweastle; Mr. Arthur Morris, Assistant 


to Genera] Manager; Messrs. Armst » Whitworth 
and Co.; Mr. Charles Edward Morris, ineer, Raw 
Materials Branch, Explosives Supply ment, 
Ministry of Munitions; Mr. John Morrison, Works 
Mane ae ipyard ment, ae | a and 

; Captain Leopold George Asm orse, Messrs. 
Firth and Son, Limited; Mr. Percy Maxwell-Muller, 





Works Manager at one of the establishments of Messrs. 
Vickers, Limited; Mr. Charles Bain Niven, Chief 
Engineer, Mercantile Marine; Mr. Joseph Hind Pescod, 
Chief Draughtsman, Warship Drawing Office, Messrs. 
Swan, Hunter and Wigham rdson; Mr. Herbert 
John Quick, Technical Adviser and ineering ' 
Messrs. Harfield, Blaydon-on-Tyne ; . James All 
Rodger, Marine Superintending Engineer, Great Central 
Railway, Grimsby; Mr. Robert Rodham, Works 
Manager at a National Shell Factory; Mr. Samuel 
Roebuck, “J.P., Junior General Secretary, Yorkshire 
Miners’ Association; Mr. Frederick Charles Rogers, 
Manager at a National Shell ees Mr. Henry 
Rogers, Works Manager, King’s Norton Metal Company, 
Limited ; Mr. William George Rowe, Assistant Shipyard 
Manager, Messrs. J. 8. White and Co., Cowes; Artificer 
Engineer Thomas Arthur Edwin Rush, R.N.; Mr. 
George Henry Rutland, Chief Draughtsman, Warship 

rtment, Messrs. Hawthorn, Leslie and Co.; Mr. 
William Sambridge, Foreman Carpenter, Messrs, Swan, 
Hunter and Wigham Richardson, Newcastle; Mr. 
George Nuttall weross, Acting Locomotive Works 
Manager, Lancashire and Yorkshire Railway. 

Mr. Donald McLean Skiffington, Outside Manager, 
Shipyard Department, Messrs. John Brown and Co, ; 
Mr. Dempster Smith, Messrs. Mirlees, Bickerton and 
Day; Mr. Gavin Spiers, Head Foreman over Steel 
Workers, Messrs. W. Gray and Co., West Hartlepool ; 
Mr. James Strachan, Act Carriage Works Manager, 
London and North-Western Railway ; Mr. Arthur Hope 
Small Tool Department, Covent 
Limited; Mr. John Sutherland, 
er at one of H.M. Factories, Ministry of 

r. David Swanson, Messrs.. David Rowan 
and Co., Glasgow; Mr. Robert Temple, Inventor ; 
Mr. Edward om , Foreman Moulder, Messrs. 
Blair and Co., Stockton ; Mr. James Miln Thomson, 

, Royal Gun Powder ay Ministry of 
Munitions ; . John Sinclair Thyne, Manager, Messrs. 
8. P. Austin and Son, Sunderland ; Mr. Cameron Turner, 
Works Manager, Messrs. McKie and Baxter, Glasgow ; 
Mr. John Henry Ward, —— First Assistant Electrica! 
Engineer, Department of Director of Dockyards and 
Repairs, Admiralty ; Mr. William Findlay Warnock, 
Chief Draughtsman in Shipyard of Messrs, John Brown 
and Co. ; . Marmont Warren, Central Marine Engi- 
neering Works, West Hartlepool; Mr. James Watéon, 


Munitions ; 


Foreman Turner, Messrs. David and Co., Glas- 
ow; Mr. John Watters, Manager of Iron rtment, 
Teate. Workman, Clarke and , Belfast ; Mr. Martin 


Wilkinson, Engine Works Machine Shop Foreman, 
Messrs. Swan, Hunter and on i ; Mr. 
George Alexander Wilson, Steel Works Manager, 


The 
Cargo Fleet Iron Company, Limited; Mr. Thomas 
ke pm Outside Engine Works Manager, Messrs. Har- 
land and Wolff, Belfast. 





HETEROGENEITY OF Steeut.—In 1915, H. Le Chatelier 
and L. Lemoine proposed a modification of J. E. Stead’s 
copper chloride reagent used for etching stee) s ; 
In the Revue de Métallurgie of March-April, 1918, 
Le Chatelier and E. L. Dupuy make a further slight 
change in the reagent, and these workers, as well as 
G. Charpy and 8. Bonnerot, reproduce some photographs 
of etched steels obtained by different methods with the 
aid of the reagent. The etching reagent consists of 
100 cub. cm. of ethyl alcohol, 10 cub. cm. of water, and 
1-5 cub. cm. to 2-5 cub. em, of hydrochloric acid, and 
of 1 gramme of copper chloride crystals and 0-5 gramme 
of picric acid. It is said that these last two constituents 
may vary considerably, but that the alcohol concentra- 
tion must be as stated, and that the correct concentration 
of the hydrochloric acid, the most important factor, can 
only be found by trial. This statement is my A 
because it is evident that with a —- in acid 

reentage the copper percentage will likewise va 

Chatelier recommends to ye oon two solutions, 
one containing 1 cub. cm., the other 3 cub. em. of hydro- 
chloric acid ; the former would hardly yield any 
deposit, the latter would deposit copper all over the sur- 
face; when the solutions are properly mixed, the correct 
brownish deposit, apparently of oxidic, not metallic 
copper, and zones of bright meta] are obtained. When 
the specimen is to be photographed, it is, after pas 
t 
de 





the copper, placed as anode in a solution (10 per cent. 
of sodium bicarbonate and electrolysed for a few seconds 
with a current of 0-1 ampere square centimetre of 
specimen area. On spots where the copper coat is 
in, the metal is then redissolved, aa 
there was a thick deposit, the copper is oxi to a dull. 
black surface, contrasting well with the bright zones of 
redissolved copper. All steels so treated hetero- 
geneity, even if containing less than 0-015 per cent. 
of phosphorus, it is said, especially after ha’ been 
quenched and reheated. The thermal treatment iteelf 
has no influence on the form or the dimensions of the 
zones, and the carbon distribution and the of 
other elements hardly have any influence r. The 
copper is ited both on t lite and on the 
pence A ; but there are are ee and Bonnerot 
use the same reagent, but they place the speci 
wards in ammonia, which dissolves part of the eopperand 
brings out a pattern, which as a | gen ty ee positive, 
stri ly resembles a negative of the same steel obtained 
by etching it with nitric acid or iodine, &. They 
differ somewhat from Le Chatelierin the interpretation of 
the results, stating that the presence in the iron of other 
metals has the greatest influences of the various factors 
on the appearance of the zones. The full heterogeneity of 
steel is not, they consider, revealed by the etching 
methods so far used. But the dendritic patterns 
20 times bigger in the central portion of an 
the peripheral region, and as the ingot i 
more and more, the 
the etching become 


F 
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INDUSTRIAL NOTES. 

America coming into the war has accentuated one 
problem very acutely. That problem is the heavy 
demands made upon the world’s supply of certain raw 
materials. To secure its proper allocation from the 
general pool, the Admiralty is seeking to obtain from 
its contractors, including ship repairers, their prospec- 
tive needs of these particular materials. With this in 
view, towards the end of June, Admiralty contractors 
will receive forms asking them to state their uire- 
ments, and ship repairing firms will receive forms 
asking them to give their average past consumption 
during the last six months. It is true that filling in 
forms is a very unpleasant task for the contractor 
who “ wants to get on with the war.” It is obvious, 
however, that to make the best use of certain materials 
they must be carefully rationed so as to ensure that 
the needs of essential war purposes are fully met. 
This is only possible when these needs are foreseen well 
ahead, and firms will eventually serve their own 
interests by filling in and returning the forms without 
unnecessary delay. 





The Ministry of Labour desire to call the attention 
of employers and workmen in insured trades to the 
fact that the unemployment books for 1917-18 cease 
to be current on July 13, 1918, and must be exchanged 
for new books during the week ending July 20, 1918. 
Employers should communicate immediately with 
the nearest employment exchange or other local office 
of the unemployment fund, if they have not already 
done so, respecting the special facilities available in 
this connection. Employers are also reminded that 
applications for refunds under Section 94 of the 
National Insurance Acts, 1911, for the insurance year 
ending on July 13, 1918, must be made in the prescribed 
manner, and not later than on September 13, 1918. 
The necessary forms of application and memorandum 
of instructions (U.I. 220) will be obtainable shortly 
before July 13 at any Employment Exchange, or other 
local office of the Unemployment Fund. In order to 
facilitate the treatment of claims for refund, employers 
who are proposing to lodge an application under 
Section 94 (as amended) in respect of not more than 
20 workpeople, are invited to forward their claims 
to the employment exchange or other local office at 
the same time as they forward the relevant books 
for annual exchange. The provisions for refund do not 
apply to workmen insured under the National Insurance 
(Part II.) (Munition Workers) Act, 1916. 





The following are some recent decisions given by 
the Committee on Production on cases which have 
been referred to them by the Ministry of Labour. 

Shipbuilding Trade, (Admiralty Work).—Piecework 
prices for Admiralty work, in operation before the war, 
in the shipyards of firms federated to the Shipbuilding 
Employers’ Federation, are to be increased (in addition 
to the percentage additions to the base prices existing 
at the outbreak of war) by the following increases on 
the base prices:—{1) Riveters by 35 per cent. (plus 
usual 24 per cent. for holders-up); (2) Caulkers by 
20 per cent.: (3) Platers and angle-iron smiths by 
10 per cent. The increases are to take effect from the 
first full pay day following May 23, 1918, except in 
the case of the Wear and Tyne districts, where the 
increases are to take effect from the first full pay 
in March, 1918, and April, 1918, respectively. All 
additions granted during the war are to be merged in 
the advances now given with the exception of the 
general advance of 10 per cent. granted in March, 1915, 
the war wages advance of 13s. a week, and the bonus 
of 74 per cent. on earnings. 

ksmiths, Shipbuilding Trade.—Piecework prices 
payable to blacksmiths on merchant work are to be 
increased by 10 per cent. from the first pay following 
May 3, 1918. 
oodcutting Machinists, Walsall (National Employers’ 
Federation).—On a claim for the establishment of 
certain working rules, the committee fixed the normal 
working week at 54 hours, and the rates to be paid 
for overtime and for work on holidays. The minimum 
rate for woodcutting machinists and wood turners at 
Walsall is to be 1s. 04d. an hour, and sawyers (excluding 
pullers-off), ls. an hour. Men not fully skilled are to 
receive an advance of ld. hour. 

Carters, Great Britain.—Except in the case of Liver- 
pool, Birkenhead and district, the war wage advance 
is to be increased to 25s. a week in respect to drivers 
(horse and mechanical), stable and hands, 
mates and trailerman. In the case of the workers 
concerned at Liv l, Birkenhead and district, a 
war wage advance of 9s. per week is to be paid. These 
~~ cover any claims = to the bonus 

per cent. on earnings, any payments made 
in rlation thereto are to merge in the advances now 
gran 





Sir Guy Calthrop, Coal Controller, on Frida 
delivered an address to the Press on ‘‘ The New 


last, 


ouse- 





hold Fuel and Lighting Order, 1918,” in the course of 
which he stated that coal stocks were being built up 
again, as in the summer of 1917, but the public utility 
undertakings could not have anything like the amount 
they wanted. After discussion with the gas and electric 
authorities, the Department had arrived at an under- 
standing that 15,000 cub. ft. of gas should be the 
equivalent of one ton of coal. It had been s 

by the public utility undertakings that they ought to 
have taken a higher figure than 15,000 cub. ft., but 
he had to try and do the fair thing between the gas, 
electricity, and coal undertakings. ... Some time 
ago the Government announced that they must take 
a further 50,000 men from the mines, and since then 
a further 50,000 had had to be called on. Each of 
those men produced between 300 and 350 tons per 
year... . A memorandum stated that not less than a 
quarter of the coal previously available for domestic use 
and consumption must be saved. Each ton of fuel will 
be equivalent to 15,000 cub. ft. of gas, or 800 Board of 
Trade units of electricity. Fuel may be converted into 
gas or electricity at the option of the consumer by 
quarter tons, but not less by a fraction. Owing to the 
importance of carbonising coal in gas works in the 
interests of the nation as a whole, it is not desired to 
restrict the consumption of gas if it can be produced 
and used in place of raw coal. Unfortunately, it is not 
possible to manufacture sufficient gas in certain 
districts to meet the demands, and in those districts it 
will be necessary to reduce the quantity of gas allowed 
for each ton of fuel to a less figure than 15,000 cub. ft. 
The minimum figure may be 12,000 cub. ft., but even 
this will give satisfactory service to the consumer. 
Similarly, in more fortunate districts it may be desir- 
able to stimulate the consumption of gas, and in those 
districts the allowance may be increased up to a 
maximum of 18,000 cub. ft. It is not possible to 
avoid this inequality, but the higher equivalents will 
apply chiefly in the North, and will compensate for 
the colder climate. These modifying adjustments will 
only be made when experience of the working of the 
Order has shown them to be imperative. The produc- 
tion of gas will further be dependent upon the demand. 





A London and district branch of the Motor Transport 
Employers’ Federation has now been established, with 
Mr. W. G. Lobjoit, J.P., as chairman, and with a very 
strong executive committee representative of the 
various trade interests in the London area. One of the 
main objects of the Federation is to bring into existence 
Conciliation Boards on the lines of the Whitley Report. 
It is recognised that the condition of industry that 
will appertain at the conclusion of hostilities will 
necessitate harmonious co-operation between those 
who organise and those who carry out the operations, 
and the transport industry being vital to the prosperity 
of nearly every other industry, should be among the 
first to be organised. Any owner of a commercial motor 
vehicle in the Metropolitan Police area is eligible, 
and particulars can be obtained from Mr. F. G. Bristow, 
F.C.LS., secretary, Motor Transport Employers’ 
Federation, 83, Pall Mall, London, 8.W.1. 





The Union of Swedish Employers (Svenska Arbets- 
gifvareféreningen), the largest of Swedish employers’ 
combines, has issued its report for 1917, which shows 
a continued consolidation on the part of the masters 
to meet the new contingencies within the realm of 
labour. The main union now comprises 32 masters’ 
unions, and the number of hands employed by its 
members amounted, at the end of last year, to 255,144, 
an increase in the year of some 70,000 hands. It goes 
without saying that the war has greatly interfered 
with the industries of Sweden; thus, the paper and 
the wood pulp industries have had to reduce their 
production to a marked extent, owing to the adverse 
conditions for export, and the export of iron and steel 
manufactures also shows declining figures, which, 
however, has been counterbalanced by a very material 
increase in the home consumption, a fact which has 
enabled the union to avoid any serious degree of 
unemployment. In this respect, however, prospects 
look more gloomy at the present time. The union finds 
decided fault with the tabeuie policy of the State Fuel 
Commission. It is stated that by offering extremely 
high wages, the Commission tempted a considerable 
number of hands to leave their regular occupation, 
and by engaging men out on strike as well as others, 
they stimulated, in a way, an inclination to strike 
on the part of the men. 





The Monmouthshire and South Wales Coal Owners’ 
Association, Cardiff, state that the concession of the 
latest demand of the miners for a further increase of 
ls. 6d. per day for adults and 9d. per day for boys 
under 16, on the basis of the number of workers 
employed in the collieries of the country in 1917, 
would add about £22,000,000 to the wage bill, and 
would increase the cost of coal to consumers by at 
least 2s. 6d. per ton. 





eae f add that high wages are invariably accom- 
panied by low output—even during the war higher 
wages have been followed by decreased production. 
Wages rates since 1915 have been raised to unpre- 
cedented levels, but the output per man employed 
underground in the United Kingdom has fallen from 
335 tons in that year to 306 tons in 1917. In South 
Wales the miners were paid in 1915 a general wage 
rate of 78-05 per cent. on the standard rates of 1879, 
and produced 297 tons per man employed underground ; 
in 1916, on a general wage rate of 103-75 per cent., the 
rate output was 290 tons; in 1917, on a general wage 
of 133-75 per cent., the output declined to 262 tons. 

An enormous quantity of coal is lost to the nation 
by voluntary absenteeism. The Coal Controller 
calculates that the new combing-out measures wil 
reduce production throughout the country by about 
20,000,000 tons per annum. On the other hand, the 
elimination of absenteeism would probably make good 
the whole of that loss. In South Wales, which pro- 
duces one-fifth of the coal output of the nation, about 
3,500,000 tons were lost during the past twelve 
months through strikes. and individual irregularity 
in attendance. Experience shows that higher wages 
would tend to aggravate this evil. 


The seventy-fifth quarterly balance-sheet, to 
March 30, 1918, issued by the General Federation of 
Trade Unions, shows a membership on which con- 
tributions are paid of 844,210 and a total gross member- 
ship of 1,032,849, divided over 183 societies. The 
present funds amount to £226,665. At the end of the 
quarter under review £12,525 was added to the reserve 
fund. The report states that “during the quarter 
the Committee continued its efforts to secure the 
amalgamation of unions that performed similar func- 
tions, and it had moved further in respect of appren- 
tices who were affected by the war and of Workmen’s 
Compensation. The Home Office was now appointing 
a committee to investigate and report. It was to be 
hoped that the first recommendations of this com- 
mittee would aim at returning some of those benefits 
which the Law Courts had reduced or entirely filched 
away. In spite of the fact that there were so many 
lawyers in the House of Commons, it seemed quite 
easy for the lawyers outside to twist the words of an 
Act until its avowed intentions were defeated. 

“* Another matter which had concerned the Manage- 
ment Committee had been that of deduction from old- 
age pension allowances. Some day the Government 
would awaken to the foolishness of penalising thrift, 
and it was penalising thrift to make deductions from 
old-age pensions because the workman had voluntarily 
contributed to a trade union superannuation fund. 
The General Federation had always held that the 
pension should be given as a right, and not as a charity. 
Every Britisher of every class should be entitled to 
receive it in full if he chose to apply for it.” 

The report concludes by saying that the Manage- 
ment Committee had given what support was possible 
to Ruskin College, to the Workers’ Educational Asso- 
ciation and to the new Education Bill. 








The Whitley Committee on the Relations between 
Employers and Employed, have presented a further 
report, which is now published by Dr. Addison, 
Minister of Reconstruction. It deals with conciliation 
and arbitration. The Committee pronounce definitely 
against any system of compulsory arbitration, on the 
grounds that it is not generally desired by employers 
and employed, that it has not proved a successful 
method of avoiding strikes during the war, and that 
it would be less likely to be successful in time of peace. 
They also pronounce against any scheme of conciliation 
which would compulsorily suspend a strike or lockout 
pending an inquiry. ; 

The Committee advocate the continuance, however, 
of the present machinery for voluntary conciliation 
and arbitration, and hope that the setting up of Joint 
Industrial Councils (on the lines recommended in 
their earlier reports) will tend to the growth of such 
machinery. They consider that there should be means 
for holding independent inquiry into the circumstances 
of a dispute and for making an authoritative pro- 
nouncement thereon without the compulsory power of 
delaying the strike or lockout. Their main constructive 
suggestion is that a Standing Arbitration Council 
should be established on the lines of the present 
temporary Committee on Production. To this Counci 
disputants would be able voluntarily to refer such 

ifferences as they are themselves unable to settle. 

t is , however, that single arbitration 
should be available for less important cases which could 


be heard locally. It is further that the 
8 Arbitration Council sh take means to 
secure co-ordination of arbitrators’ decisions. The 


Committee are opposed to the enforcement of awards 
and agreements by means of m penalties. The 
report can be obtained from H.M. Stationery Office, 
Imperial House, Kingsway, W.C.2, price 1d. 
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VARIANCE OF MEASURING INSTRUMENTS 
AND ITS RELATION TO ACCURACY AND 
SENSITIVITY.* 


By Freperick J. Sonuin«, Associate Physicist, Bureau 
of Standards. 


. INSTRUMENTAL variance, which forms the major part 
of the discussion of this paper, is a factor whose effect in 


causing error in measuring instruments has hitherto been 
given little consideration. In order to bring out 


the essential relations of the variance characteristic, the 
paper opens with a discussion of accuracy and sensitivity, 
ing how each of these terms can be given precise 
definition with definite numerical significance. 8 
values, when determined, have important use in estab- 
lishing the figure of merit or value of a given instrument 
or type of instrument. istinction is d between 
the commercial here or caren he fw direct 
reading instruments of t op and plant, igher 
of y required in the laboratory — 
instrumental indications are normally subject to the 
application of corrections for error of calibration. 
error arising from whatever source, o in an 
indication of the instrument, divided by the true value 
of the measured quantity may be termed the inaccuracy 
at a given reading, the negative term being justifiable 
on the basis of custom and ease in application. The 
accuracy will be the reciprocal of the quantity just 
defined. The observed error of an instrument (or the 
correction) is utilised for adjusting observations before 








uch | measured, after a s 


instrument with respect 
it being necessarily 

of this definition that friction and lost motion in the 
m i have been eliminated or are negligible. 
The amount of the least alteration in the value of the 
measured quantity, prae instrumental response, 
divided by the initial value of the measured quantity, 
may be a the ivity = the al hes Gs at that 
point. iveness is a special case momenon 
of variance, next liom«,, 

Variance is defined as the , at any given value 
of the measured yuantity, of variation in reading which 
may be exhibited by the instrument under repeated 
application of the same value of the quantity being 
reading has been attained— 
the environment remaining un 

The specific variance or variancy may be defined as 
the ratio of the range, at any given value of the measured 
quantity, of variation in which may be exhibited 
by the instrument under repeated application of tha same 
value of the quantity being m divided by the 
measured quantity itself, the same assumptions applying 
as above as to the attainment of a steady state of indica- 
tion and as to the maintenance of i 
ment. 

Determination of the variance is a most important 
part of the calibration of an instrument and appreciable 
error may arise from failure to recognise or express it. 
The poser illustrates by Fig. 1 (see Figs. 1, 2 and 3 
annexed) the derivation of the variance from the 
hysteresis loop obtained when an instrument is subjected 


environ- 





their use in calculation, while the y and y 
find their utilisation in rating the quality or performance 
of the instrument. 

An instrument is understood to be, sensitive when it 
shows a change of reading for any change in the quantity 


-08 


+ 


Error, Lb. 





Fig. 1. Hysteresis loop of automatic weighing scale of the 
campendulum t (comprising no elastic force-measuring 
elements). Note the manner in which the curve of decreasing 

reflects the aberrations of the curve of increasing 
readings, with a distinct tendency towards wider se tion at 
the middle of the load range, so that the hysteresis loop would 
have a distinctly lenticular form, if the median line or mean 
error curve were rectilinear. 


being measured, a definition having little significance 
until means are available for expressing the sensitiveness 
numerically. Attention is called to the common in- 
consistencies in the sensitiveness rati of familiar 
instruments, and the suggestion is made that the unit of 
response, which is referred to the unit of change in the 
measured quantity in establishing the value of the sensi- 
tivity, should be based upon a definite and inherent 
characteristic of the instrument rather than upon any 
accidental factor such as the length of a pointer or an 
arbitrarily graduated scale. Thus in the case of an 
analytical balance, sensitivity should be referred, not to 
motion at the tip of the pointer, but to the angular 
deflection of the tae (or pointer), so that comparison 
can be made of the true equilibrium properties of balances 
without reference to the accidental and unimportant 
factor of — length, which, within reasonable limits, 
is alterable at will. In a balance then, the sensitivity 
would be determined as the angular deflection of the rest 
= of the beam per unit addition of load to the 
oad pan, the first exp din radi and the second in 
grams. 

The necessity for distinguishing between insensitive- 
ness and passiveness or sluggi in an instrument is 
shown, and consideration is given to the effect of friction 
in preventing res to certain small c in 
measured quantity, such that if the usual definition of 
sensitivity were acce we would find a phase of zero 
sensitivity followed by one of finite sensitivity, conse- 
quent upon the overcoming of the static friction which 
tends to prevent i response. Such a dis- 
continuity in the value of sensitivity being irrational, in 
view of such a determination being dependent upon the 
absolute rather than the relative values of the quantities 
entering into the observation, we must modify our 
definition of sensitivity to this form: sensitivity in an 
instrument is the rate of change in the indication of such 

* Abstract of paper to be published by the United 
States Bureau of Standards, Washington. We are 
informed that persons having problems of instrument 
design in hand who may be of obtaining copies 
of the full paper in advance of its publication, may do so 
by cation to the author, at the cost of blue-print 
uction of the manuscript (34 pages and 7 figures). 








rep’ 


toa te cycle of operation from a lower to a higher 
indication, and return—while plotting point by point 
the instrumental readings (or corrections, or errors) 
against actual values of the quantity being meas 

e importance of a study of this loop in analysing 





- 000 


Error; Inches. 





0 
(5496.8.) Readings, Inches. 
Hysteresis loop of dial indicator of screw-train type, 
high multiplication; an instrument much used for 
reading of small displacements and other linear 


Fig. 2. 
ha 
direct 
,magnitudes. 


2 


Error. 
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(5495.C) 


Reading; Inches of Gasoline. 
Fig. 3. Hysteresis loop of depth gauge for gasoline tank, 
hragm 


a 
diap! type of pressure gauge graduated in inches of 
gasoline 
instrument performance is shown, and figures are 
oeompaten to exemplify the type and magnitude of the 

effect. 

The sources of this hysteresis phenomenon are dis- 
oat including the ee actions of certain force- 
equilibrating elements, and, at greater length, the purely 
mechanistic cause comprised in backlash. Tn. illus- 
trating this latter defect, the importance of maintaining 
constant or definite space relationships in the instrument 
linkwork is set forth, and detailed consideration is given 
to one of the most common causes of imperfect reversi- 
bility in instruments, that of the shifting zone of contact 
in a bearing whose journal fits in a slack or imperfectly 
constrai manner. existence of mechanistic 
causes of irreversibility, quite distinct from the ordina: 
concept of backlash, is demonstrated, in the roll of 
the pin or journal about the interior face of its slack 
bearing, in a significant and fairly definite manner, 
capable of kinematic analysis and accounting satis- 
factorily for phenomena usually ascribed to the operation 
of frictional resistances simply. It is shown, moreover, 
that this cause produces an actual alteration and variation 
of the magnification or displacement ratio of the instru- 
ment from the point of reception to the point of registra- 
tion of the quantity being measured (see Fig. 4). 

The frequency curve method of delineation is applied 
to the expression of variance of an irregular nature, as 
found in instruments exhibiting bad workmanship or ill 
repair, and it is seen that the variance characteristic of 
such an instrument can be ee defined by 
reference to a family of frequency curves obtai in the 
following manner: One series of points will be plotted 
for sommng? taken at varying rates and amounts of 
increase the measured quantity terminating in the 
value corresponding to the particular point of the scale 
under investigation, and another set for decreasing values 
terminating at the same point. Such a curve, in which 


f Baney, <f comsmanae <F 6 @eranee ing or error 
is plot inst the true value of tha quantity 
ot theh sanding. gheve tha poahebilllie all eeamasenee ahaa 





amount of variation from, say, the mean instrumental 


to change in the quantity being 
i Seamed ter tn aulpene i 








Far from being a relatively unimportan’ 
inaccuracy in measuring instruments, it can be shown 
that the teresis or variance type of error demands 


consideration in ically type of instrument, 
while in some (such as pointer-and-dial t; of displace - 
ment indicators) it is a preponderat r in , 


and actually limits the application or utility of 
instrument and sets the limit of sensitivity and accuracy 
practicably to be obtained. 

Only brief consideration is ee to the phenomenon 
of instrumental drift, which, having its source usually 
in elastic after-effects, requires special treatment from 
the point of view of the elastician. : 

_A few tuding as ran Recenaanel vee ane 
given, including the use of special types rings in 
which slack or clearance can be reduced to a minimum 
without impairing easy operation; and the use of 
flexible elastic connectors between elements of the link- 
work, instead of gears and racks or pin-and-link con- 
nectors. Such oe connectors which may wind’on 
cam-sha) mem to provide for correction of dis- 
placements to a linearly graduated scale, exhibit excellent 
— in the wy err rede eeeng of are and 

ve important advantages over the more usual types 
of linkwork details. - 

The action of vibration in reducing instrumental 
variance is found to accord well with the principles 
previously set down, and it appears that, wi limits, 
errors of result due to mechanical sources of variance 
ean be considerably reduced by judiciously applied 
vibration treatment. 

In designing and constructing an instrument, due 
consideration should be given to the effect of variance 
errors in practically limiting the sensitivity to be sought 
in adjustment, as well as the interval between the 
graduations and the smallness of the units of graduation 
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It is s ted that in view of this condition, the mean 
interval of graduation of laboratory instruments should 
not be less than five times the mean variance, while for 
commercial or plant instruments the ratio of mean scale 
interval to mean variance may be of the order of two to 
one. Likewise the sensitivity may easily be dis- 
advantageously high, inducing erroneous estimates of the 
precision of results and requiring special care in the 
calibration and use of the instrument. 

The geno 3 maximum or 9 ee we 
accuracy), sensitivity, variancy and s set ( 
amount by which ths variance. loop mag fail of closure, 
divided by the range of the deflection cycle) may be 
referred to the ae of graduation instead of to 





particular values q ty under 
observation, as a convenient means of 4: at single 
significant members to be composed into a “figure of 


merit ’ for an instrument whose characteristics are being 


TY | determined. 





Tae German ALKALI Inpustry.—It is a well-known 
fact that German States have interested themselves 
considerably in the alkali industry, and a report on the 
investments of the Grand Duchy of Saxe has been 
laid before the legislature. At the beginning the war 
the Grand Ducal exchequer d 198 sh in the 
nee van Rule eae ee Kuxe) 
in the Heiligenroda works, 334 portions in the tlar 
works, 50 portions in the Alexandershall works, 35 - 
tions in the Thiringen works, $0 portions in the Keleer- 
roda works, 11 ions in the Wilhelm Ernst works 
and 5 portions the Saxe-Weimar works. In order 
to acq these sh and portions the Grand Ducal 
Government contracted a loan of 5,000,000 marks, in 
ae use es a Lem ————_ marks is expected 
on the Butt. has acquired 
9 ofthe new shares in the Grom on. 

Alkali wor exchequer ound it expedient to 
- - some — and ions to the 
avourable prices for such stock prevail during the 
war, wh mg Spe inp ey ena ae ee 

and st 
juer now 


4,000,000 marks and new shares acquired, 

these SSeS indebtedness, the 

holds shares representing, on April 1, 1918, 
a value of over 15,000,000 marks. = 
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THE INSTITUTION OF GAS ENGINEERS. 
Address by the Petia yr Hon. Lorp Movtton, 


I am fully conscious of the exceptional character of 
the honour done to me by this Institution in choosing 
me for its president for past year. It is true that 
my acquaintance with the gas industry is of old standing. 
From outside I have followed somewhat closely its 
progress for many years, and there are few of the steps 
which have mari its growth with which I have not 
been made familiar at the time t h one channel or 
another. But it is not such qualifications as these that 
win the distinction you have conferred upon me. You 
have hitherto selected your president from within your 
own ranks—from those among your members who have 
been pre-eminent in the practical working of the industry 
—from those who have been the inspiring spirits of the 
developments which it has undergone or who have borne 
the burden and res ibility of managing the works 
from which the public derive its supply. I can claim no 
merits of this type. That I am in this position is due 
to no contributions on my part to the theoretical or 
practical advance of manufacture, but to the fact 
that perhaps best of all men I can appreciate how great 
has been your success. No one has such a unique 
opportunity of witnessing the response of the industry to 
new and exceptional demands made upon it by reason 
of the war. Your industry—typically —— in 
character and aims—has furnished materia! for purely 
war purposes without which it would have been impossible 
to maintain the fight. I have thus learnt as well the 
flexibility and resourcefulness of the industry as the 
importance to the nation that all its varied capacities 
should have free scope. Not only have the benzol, 
toluol and i roduced by it furnished the 
materials for our high explosives, but in the direction of 
other needs of very different nature it has given promise 
of similar usefulness. I have thus been brought to 
reflect on its capacities of service to the public in war 
as well as in peace, and as I am here, not as one who has 
himself done anything to advance the industry but as 
one who has occasion to judge and to testify to its 
capabilities and its successes, I think that I can best 
utilise this occasion by giving you the fruit of these 
reflections. 

I have styled your industry as pre-eminently peaceful 
in character and aim, and I have no doubt that such a 
description will be approved by you. It started little 
more than a century ago, with the single object of giving 
locally a public supply of a newilluminant. This must 
have been sorely n Up to that date the only 
illuminants were oils, fats and waxes, and considering 
that mineral oils were not used to any practical extent, 
if, indeed, at all, it is difficult to understand how the 
supplies of these illuminants could have sufficed for 
even the barest necessities of the world in respect of 
artificial light. Had our huge town populations or our 
— its of life then existed these 3 must 

ve wholly failed to meet the demand, but smaller 
populations, earlier hours and, I may add, a less lavish 
use of soap, made it possible in those times to make both 
ends meet. It is certain, however, that this could not 





of its duties was rigidly based on this. Great ween 
were introduced in the practice of gas manufacture, 
on the one hand to the introduction of the rival modes 
of producing inflammable gas known respectively as 
producer gas and water-gas, and on the other to the 
a ce in the market in wellnigh unlimited quantities 
of mineral oils which served both as rivals and helpers 
of the coal-gas industry. But these changes in practice 
were necessarily made in strict conformity with the 
statutory duties, and these duties were based on its 
behaviour as an illuminant. This remained its purpose 
and the test of its success. Nothing occurred in the 
external world of such a nature and of such importance 
as to alter its general status and aims until about the 
year 1884, when the introduction of the incandescent 
mantle on the one hand, and of public electric lighting 
on the other, so completely donaed the industria 
— of the gas industry as to justify and even to 
mand a complete review of the statutory obligations 
sed upon it. 
‘undamentally the gas industry rests upon the use 
of a single process usually termed destructive distillation 
—a name which no doubt is apt to describe it, but one 
which always jars upon my ear, for to me the so-called 
destructive distillation is one of the most constructive 
processes that I know of. It is true that it destroys 
the crushed remains of past organic life which constitute 
coal, so that they lose all traces of their past identity, 
but in their place appear new and definite combinations 
which correspond in no sense to these past embodiments, 
even though in some unknown way they may have been 
influenced or even determined by them. And these 
new combinations, whether taken individually or 
regarded as a series, represent no longer the debris of a 
past world but the building materials of a new one. They 
show us the early steps through which Nature builds 
— most complex work. Man has analysed much of 
t she has done in the organic world, even going so 
far as to diyine the structure of some of the bodi 


services which it must be prepared to render to the 
public in return for those privileges, andwill secure the 
ormance of the duties so imposed upon it. Un- 
ortunately, this rigid definition of its duties necessarily 
stereotypes its work and its aims. However skilfully 
devised these statutory regulations may be, they suffer 
under the disadvan that they were determined by 
and intended to fit industrial and ic con- 
ditions of the people at the time they were made. Such 
conditions change day to day, and in a progressive 
civilisation like ours may be fundamentally altered in 
the space of afew years. In the case of private industrial 
isations unfettered by statute, self-interest operates 
so strongly as to lead them at all times to provide as 
economically as aoe that for which there is a demand, 
t.e., that which best suits the needs of the people at the 
moment, inasmuch as their success depends onit. Hence 
we are content in i cases to rely on this, and we 
should feel instinctively that producer and consumer 
would alike suffer from any extraneous interference 
with the natural of supply to demand. We 
ise that interference from without has a tendency 
to destroy the connection between efficiency and success 
and to perpetuate what should have passed away as 
obsolete. But we are too apt to a that the same 
principle must apply to cases where for special reasons 
such interference is necessary as in the case of gas 
companies. The necessity of doing something does not 
lessen the price which has to be paid for it, or free us from 
the penalty if it is wrongly done. 

It is therefore essential that from time to time the 
statutory requirements upon gas companies should be 
reviewed to ascertain whether they still correspond in 
the best way to the wants of the world outside. And 
to this question of public policy a foremost place must 
be given in view of its itude. At least one-tenth 
of the whole of the coal raised in our country is taken 
by gas works, and we cannot afford to allow so —- 








essential to support life. He has even succeeded in 
imitating some parts of this work by synthesis. But 
I think that a chemist would agree with me that in this 
field the points of de ure have been found, and in 
future probably will be found in some one or more of 
the many compounds thus yielded by this creative 
process of destructive distillation, and the chemist 
and engineer can when needful separate from the crowd 
of their companions which are formed along with them. 

How are these definite and distinct compounds 
formed? They are evidently the production of chance 
encounters of the elements which are present under all 
sorts of forms and which are brought into intimate 
contact with one another under all sorts of conditions 
and in all sorts of sequences. Destructive distillation is 
the most striking example of the difference between a 
laboratory process where uniformity of conditions can 
usually be attained and an industrial process where it is 
unattainable. The compounds immediately formed in a 
gas retort, when heated, vary no doubt by reason of the 
circumstances which regulate the temperatures to which 
they are first exposed, but their formation is only the 
first page of their total history. They meet under 
varying local conditions other compounds of varied 





have been effected had not our ancestors been tent 
with a much smaller intensity of artificial light than 
would satisfy their descendents of the present day who 
have been spoiled by the wealth of light obtainable 
from the unlimited supplies of gas, electricity and mineral 
oils which are within their reach. 

We owe much to the imagination and daring of the 
men like Lebon, Murdoch and Winsor, who first con- 
ceived and sought to put in practice the idea of supplying 
an inflammable gas as an illuminant. They were 
innovators rather than inventors. The process they 
used was not new—it was the same that had been used 
in the manufacture of coke for at least half a century, 
and which was known to yield inflammable gas, although 
this gas was considered of so little Value that it was 
burnt as a waste product. But the conception of 
conserving this gas and distributing it to the public for 
illuminating purposes was a bold one and has hardly 
received the recognition that it deserves. It would not 
be unnatural that a man should shrink from a yee 
to distribute broadcast through the streets and houses 
of a town known to be poisonous and inflammable, 
carryi th it therefore the risks of death by poisoning, 
fire and explosion. It is a matter of surprise to me that 
such a daring project won acceptance so rapidly, and it 
raises my opinion of the enterprise and initiative of the 
men of that time. The first application for statutory 
powers for public gas lighting was made in 1809, and 
after one failure the application was repeated successfully 
in 1810, a record which compares favourably with my 
recollection of the attempts to introduce public lighting 
some seventy years later. The rapidity with which the 
movement spread indicates at once the need that existed 
and the adequacy of the remedy. Within twenty years 
of this first attempt some 200 public gas companies 
existed in the kingdom, and by the middle of the cent 
all urban populations must have béen supplied wit 


gas. 

During all this period, and for many years afterwards, 
the position of coal-gas in the eyes both of the public and 
the legislature was ly that of an illuminant. No 
doubt from the first t ene 4 of its use as a heating 
agent was recognised and util on « substantial scale 
in gas stoves, and more especially in cooking apparatus, 
but it made ee little in t 
the domestic coal fire, and even to the present day it is 
in this direction that, to my mind, its advances have been 
the slowest and the least representative of its real 
capabilities. Be this as it may, the fact remains that 
during the whole of this period its main function was 
that for which it was originally started and the standard 





ter, and the changes that take place may give rise 

to stable bodies which survive, or tointermediate forma- 
tions which will in their turn pass into other and more 
stable combinations before they have run the gauntlet 
of the total process. Small varieties of local conditions 
may determine which of these types of action will 
prevail. It is impossible to predicate or foretell with 
recision the course of such a conflict of forces. Hence 
it is that the gas industry owes so little to the laboratory 
and so much to industria! practice and the results attained 
therein. In the last four years I have again and again 
had to learn by sad experience how little one is able to 
foresee or contro] the results of destructive distillation, 
even in the simpler cases where it is applied to hydro- 
carbon liquids, where it is possible to get some approach 
to uniformity of conditions. How many times Seve I 
been promised priceless benzo] and toluol by the use of 
some special method of carbonisation or of some new 
system of cracking oils, and how inevitably has failure 
attended the practical tests. Innovations from which 
I had been led to expect great things have given results 
inferior to those given by the old-establis practice. 
The successful methods still remain those which practical 


an t of our fuel supply to be unwisely used. 
Legislature ought therefore to be pre to ask itself 
the question ther the interests of the ple remain 
the same as they were when the existing statutory 
obligations were imposed bg! gas companies, and 
whether, if they have changed, these obligations cannot 
be modified to the general advantage. Only one answer 
can be given to the first of these questions. The public 
no longer need gaseous illuminants. The success of the 
gas mantle, which depends on the calorific value and not 
on the illuminating power of the gas, has decisively 
settled that question. Provided that the gas will give 
out the requisite heat to raise the mantle to its proper 
incandescence it will enable it to give out from six to 
eight times the illumination that the statutable gas 
used to give in ordinary use. It is, therefore, immaterial 
whether the gas possesses illuminating power or not. 
Now the illuminating power of coal-gas is obtained 
by burning along with the permanent gases which form 
so large a part of it, other denser and more complex 
substances which are separable from those permanent 
and which, as a rule, are capable of independent 
industrial use for various a I will not pause 
here to dwell on these uses. ey will suggest them- 
selves to all of you. Some of rate 
ca 


substances are 

ble of being used as fuel in other and more 
vantageous ways. But it is not only as fuels, which 
could be better used in other ways, that we regret the 
substances which are left in coal-gas in order to make it 
an illuminant. The invaluable hydrocarbons on which 
our chemical manufactures depend—which give us our 
dyes and our high explosives—are to be found among 
them. That a large portion of these valuable substances 
should be sacrificed to give to coal-gas a property which 
has ceased to be of value is a loss to the community 
which should not be allowedtocontinue. Iam, therefore, 
in entire agreement with what I believe to be the general 
sentiment of leaders that existing illumination 
standards should be abolished and a reasonable calorific 
value, preferably uniform throughout the kingdom, be 
put in their place as the standard to which gas should 
conform. This would enable gas engineers to work 
with a definite aim and with a great degree of pre ore 
because the experience of the past points pretty definitely 
to the means to be m to secure such a result. It 
would thus be possible to increase the amount of gas 
obtainable from the coal used, and the various coal-tar 





experience has discovered and which were adopted with 
no intention of producing those special results. I have 
often felt og | to imitate the cynical expression of 
ir which that great judge, Sir George Jessel, once 
when s ing to me of the bad acoustic properties 
of courts. “If you want to build a room for a special 
oe ape said he, “‘ be careful to conceal that purpose 
rom the architect. The only court in Lincoln's Inn 
where you could hear well was built for a library where 
strict silence was to be enforced.” 
But if it be true that the modus operandi of destructive 
distillation is little known it is none the less the fact 
that the accumulation of 


gigantic scale during more 

gas engineers to arrange their methods, and to choose 
the form and arrangement of their plant, so as to make 
the final result vary to some extent in the direction which 
they desire. It is therefore of the first importance that 
they should be free to adjust their production so as best 
to meet the real needs of the community. It is not an 
easy task to arrange for such freedom. Legislative 


@ century has enabled 


ing | contro! of a stringent kind must exist. The distribution 


of gas necessitates the grant to the companies of very 
special rs such as the breaking-up of streets, the 


— experience on a | disad 


: ducts to whose uses I have referred need no longer 
destroyed by being burnt with the gas. 
I deem it of great importance, not onl 
wer but also to the count 
luction of a universal calorific standard for gas should 
take place without delay. It will put gas and its great 
rival, electricity, on an even footing in one important 
respect. Each will be paid in proportion to the amount 
of energy supplied to the consumer, in the one case in the 
form of thermal units and in the other case in the form of 
SN Oe, 9 a as ae ge oe 
the supply a li ic want, tho y 
different means. Fach. has its pPrente Yah its 
isadvantages, and it is by these that its field of use will 
become delimited. It is in my eyes an industrial mistake 
to aim at monte star displace the other. But in 
order that the public may reap the full benefit of the 
two, each a Ba ae to do its work in L4 best way 
it can, using a vantages it possesses in — 
te ee ion unhampered by needless 
or restrictions. 1 this is already true in the 
case of electricity, but it is not true in the case of 
and in the future that awaits gas companies it is clear 
that they will need all the liberty of action that is con- 


to gas com- 
at large, that this intro- 





possession of which is admitted to bring with it an 
absolute monopoly in practice, if not in theory. No 
company can be put in such a position unless it is willing 
to accept such legislative control as will define the 





istent with their real service to the public to enable 


them to hold their Loge! in the new industrial conditions 
in which they will 

This is a moment most suitable for considering what 
will be the characteristics of that future and how we 
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should prepare to take our place in it. The experience 
of the last few years at home and abroad shows that it 
will differ —_— from the past. In the first place, the 
capacities of electricity for concentrated production 
and wide distribution have been demonstrated and are 
being industrially utilised far and near. The present 
state of things, and the promise of the future, are in this 
respect in wonderful contrast to the ideas which prevailed 
in the early ’eighties when electrical distribution was 
first spoken of. I well remember hearing Thomas 
Hawksley, the veteran gas and water engineer, say in 
those days “ Electricity is like small beer. It should be 
brewed at home and consumed on the premises.” Never 
has a prediction been more strikingly falsified, although 
it was that of a very sagacious man. Sch s of distri- 
bution of electricity of the most ambitious and far- 
reaching character are now being treated as part of 
practical politics, as may be seen from the report of 
the Electric Supply Committee which has recently 
appeared. 

It must not be supposed that in referring to them I wish 
to represent all these schemes as likely to be adopted in 
the near future, or even that in their entirety they will 
ever materialise. The calculations on which they rest 
have no doubt been carefully made, and in a world which, 
enjoyed absolute immunity from civil disturbance, 
hostile cae and ‘world-wide commercial intrigue 
it might quite practicable to sit round a table and 
decide questions of national policy by appeal to the 
slide rule alone. But, alas! this is not the case in this 
world of ours. There are many considerations other 
than those of mere technical efficiency that must come 
into play before one can decide on the extent to which 
centralisation should be pushed. The primary necessities 
of civilisation for our great town populations must be 
secured by being made to rest on bases so broad that they 
are safe from sudden disturbance. Centralisation has 
its drawbacks as well as its advantages. But making 
all allowance for such considerations I think that we 
must look forward in the near future to a strengthening 
and consolidation of electric distribution so far as it can 
safely be effected, and that in this development it will 
probably receive — g~ from public funds and will 
certainly be assisted by largely extended statutory 
powers. Thus favoured, electricity will be in a position 
to offer fiercer competition with gas companies in the 
domain of public lighting, and this furnishes to my mind 
a strong justification for the demand that there should 
at once be a revision of your statutory obligations. It 
is time that you should be free to order your work so as to 
fit best with what must eventually be the task which 
will be required from you. 

Turning to the other side of the picture we have as a 
set-off against such an intensified competition the growing 
appreciation of the value-in-use of the by products of gas 
manufacture. A good example is that of fuel oil, which 
is in demand not only for consumption in our Na 





but in processes of oil-firing which can be adjusted to 
wide variations in the character of the fuel used. The 
value-in-use of this fuel oil has been so marked durin 
the war that research is being energetically push 
forward to ascertain the conditions under which it can 
be produced in the largest quantities without affecting 
too seriously the production of other by-products of even 
greater value. re is the prospect that analogous 
‘research will demonstrate the practicability of utilising 
as valuable fuels portions of that which hitherto has 
been left unseparated in the tar, and even of using alone, 
or in combination with them, the least-tractable of all 
your by-products, viz., pitch. A market for the more 
volatile products (so far as they do not consists of sub- 
stances too valuable to burn) is fully secured by the 
universal adoption of internal-combustion engines for 
road traffic. Foremost among those by-products, which 
have an intrinsic value apart from their use as fuel, are 
the members of the aromatic series which are the founda- 
tion of our chemical industries. Here the position of the 

as companies will be strengthened, I trust, by their 

ding a home market in the future, instead of having to 

export them at low prices to assist our rivals to compete 
with us in the finished products in our own markets. 
And above all I feel sure that there will be a largely 
increased home market forammonia. Our farmers have 
hitherto lagged far behind in the employment of ferti- 
lisers; the nation has trusted to imports to satisfy the 
bulk ofitsdemand forfood. But the war has taught both 
the farmers and the nation a salutary lesson, and farmers 
are now ready and eager to use as much fertilisers as they 
can obtain. The war has shown the existence of a 
world-shortage of food under the old conditions of 
cultivation. That which Malthus foresaw and prophesied 
to unheeding ears has come to pass. Population has 
outrun food supply, and it has become a necessity to 
increase the yield of cultivated land. This means that 
there must be a much larger use of fertilisers in civilised 
countries, and this change will be specially great in our 
own country and must showitselfin an increased demand 
for ammonia for home use. And it is precisely in your 
production of ia that there is greatest room for 
advance. You leave unused much of the combined 
nitrogen that exists in the coal, and as to which there 
is evidence to show that it is capable of forming 
ammonia. 

I have been pointing out ¢ in demand which 
will be in your favour, and possibilities of reward for 
successful in connection therewith. But it 
must have occurred to many of you that there is another 
side to the picture—that research in other departments 
of industry may raise up new competition and that 
demand may call into operation foreign sources of supply. 
This is very true, and no more stri instance can be 
given than the threatened production of synthetic 
nitrogen at home and the importation of suitable fuel 
oils from those foreign countries which produce petroleum. 








Such competition will not lessen the production of 
ammonia at home, for it is a by-product too valuable 
to lose, and the same may be said to a certain extent of 
the other by-products affected. But it will have an 
important effect on the prices obtained for them, and in 
extreme cases may even lead to the manufacture of some 
of them being abandoned. This brings strikingly before 
us one of the most difficult problems raised by the war. 
We have learnt by sad experience how costly it is to allow 
a country to neglect the development of its own internal 
resources merely because it could get its wants supplied 
cheaper or more easily by purchase from ab se 
do so with regard to munitions of war would be madness, 
as the supply would be endangered at the moment when 


it was most urgently requi But the same may be 
said of some things which are munitions of hings 
essential to the life of a nation at all times in and 


waralike. We dare not let our own powers of production 
of such things fall into atrophy trusting to obtain them 
from elsewhere. To dosotosuch an extent that national 
exist depended pee! and immediately on such 
foreign supplies would be like attempting to keep a man 
alive by continued transfusion of ready-made blood, 
instead of making him produce his blood by his own 
natural processes. And it must not be thought that 
such atrophy is so unlikely to occur that it need not be 
provided against. If we neglect to make the most of our 
internal resources the long-continued waste of those 
resources gets embodied in our plant, in our methods of 
manufacture, and in our industrial organisation, and 
when the time of trial comes it may be impossible to 
eradicate it. The development of its own internal 
resources has a value to a nation not measured by the 
immediate economical] returns. Tor ile the | 

so taught us with the sound principles of interchange of 
products which govern industrial life is a problem of 
overwhelming difficulty. No formula suffices to solve 
it—the solution must be found in the exercise of a wise 
judgment in the individual cases which present them- 
selves. But one as experience has taug tme. Those 
who complain most bitterly of being killed by foreign 
competition are those who have troubled themselves 
least to make the best of home conditions, and who have 
been most negligent in the research which is necessary 
to bring out the full capabilities of the means at their 
command. The true remedy of such difficulties is 
generally to be found in special research. The tendenc 
of research, as a whole, is to kill out the processes which 
are in the hands of the inefficient. This is as it should 
be, and we should be prepared to accept the consequences. 
But where all that careful research can teach is being 
employed, the subtle adjustment of the value of raw 
materials and by-products in the industrial market 
suffices far more frequently than we. imagine to 
secure the prosperity of those who are making the 
best of the means at their disposal, poor as they 
may seem in comparison with your highly - favoured 








VY | rivals. 


It is from this point of view that I envisage the future 
of the gas industry in Great Britain. Probably the most 
important industrial question in a country like ours is 
the proper utilisation of its fuel supplies. At first the 
only method of treating coal was to burn it under boilers, 
or in furnaces or grates, in the form in which it was taken 
from the seam. But that is long past. The value of 
gaseous fuel, first illustrated by the gas industry, was 
permanently established by the internal-combustion 
engine on the one hand and by the widespread use of 
gas furnaces in countless industries on the other, so that 
now an important peas of the coal used is divided 
up into gaseous and solid fuel before being finally burnt; 
and that proportion is still growing and promises to 
increase with advancing civilisation. Now gas com- 
panies are in the most favourable position to deal with 
that problem. When put under proper statutory regu- 
lations they will be able to make their gas to the best 
advantage, and they are already in possession of the best 
market in which to dispose of it. e regularity of the 
demand and the conditions of production place them 
in an excellent position to control the nature of their 
by-products so as to get the best economic return. To 
do all this so satisfactorily as to face the competition that 
will arise in the more energetic industrial world that we 
hope to see develop after the war, will require an equal 
energy on their part—an equal readiness to improve their 
present methods where found imperfect. The problems 
that present themselves are numerous. Such investiga- 
tions as your Committee on Refractory Materials has been 
carrying on show how much is yet to be done even in 
the way of determining the effect of your necessarily 
high temperatures upon the materials you use in con- 
struction. The battles that rage between the advocates 
of vertical, inclined and horizontal retorts, of high and 
low-temperature carbonisation, of uniform or uated 
temperature, of the use of steam or stripped gas to aid 
the flow of the gas from the retorts, and many other like 
subjects of discussion, show how many questions are still 
unsettled and how many active minds are at work in 
different directions to perfect your knowledge and 
increase your powers. All this must be welcomed by 
you, and where this research has led to clear and definite 
results you must be ready to adopt them. But the 
research which will make your industry able to face the 
difficulties of the future must not be confined to questions 
relating to production. It is equally ——— to you to 
develop the utilisation of gas. There been, I fear, 
too great a severance between the two. The means of 
rendering your products directly and conveniently 
utilisable to the public have been looked upon as some- 
thing outside the ge of a gas engineer, not to say 
something beneath his notice. I think that in future 
a more liberal view should prevail. There is a solidarity 
of interests between those who cater for uction 
and those who cater for utilisation. Take t 
gas traction. I am glad to see that this Institution has 


case of |i 





been Fiving evidence before the Gas Traction Committee, 
and I hope that the help you will give to the movement 
will not be confined to this. In a country destitute of 
petroleum deposits I think it quite possible that ordinary 
urban road traffic, which now depends entirely upon 
petrol, might largely be done by gas, if gas engineers 
would apply themselves to the problem and get some 
more practical solution than the fragile and unsightly 
containers that the public have been ready to accept, 
and which have at all events shown the practicability of 
gas traction. All new uses of gas, and all uses that you 
make easier and more serviceable to the public, go to 
strengthen your position as producers and as poses. tag 
Your future will depend on how serviceable you are to 
the public. If I might use a phrase taken from my 
memories of Cambri boating days I should say that 
“No industry will survive that does not pull its weight 
in the boat.” My view of the gas industry is, it could 
wish for no better test—that its value to the country is 
incalculable. This is recognised at the present time, 
and it will continue so to be recognised, and the industry 
will maintain its high position in social and industria! 
usefulness if it realises that the exceptional conditions 
under which it exists make it more and not less incumbent 
on it to keep to the front in the activity of its 

and its readiness to adopt the best means for performing 
itsimportant duties. By so doing it will not only render 
its future secure, but it will merit and win 
gratitude of the country. 





Tae Soran Surrace.—Lecturing on the last two 
Saturdays at the 9 Institution, upon “ Recent 
Investigation of the Superficial Layers of the Sun,” 
a rind something like 5, miles in kness of a sun of 
a radius of 430,000 miles, Professor H. F. Newall, 
director of the Solar Physics Observatory, Cam " 
Sema Se he Sb eens a See ae a e 
among other things, why spectrum lines from 
parts of the sun differed greatly in intensity, sun- 
iad spectra contained lines (due to vanadium), not 
observed in other spectra, why the spectrum of the limb 
taken during an eclipse showed bright lines (flash 
spectrum), not dark lines, and why the sun less 
bright near the limb than in the centre. The latter fact 
was ascribed to the “dusty veil” (the corona) which, 
if close to the sun, would, he said, affect the solar pheno- 
mena as Our own atmosphere modified the a: 
of the sun at sunrise and sunset, much more than if 
further away from it The perplexing, _—_ or total 
reversals of spectrum lines had correctly explained 
by Kirchhoff in 1860, in the light of knowl of those 
days concerning absorption and emission and a perfect 

iator, but our are ad of black-body radiation and 
energy distribution over the spectrum was of recent 
date, and the important influence of scattering had only 
been shown by A. Schuster since 1908; these factors 
affected the distribution over the solar surface of light 
of different wave-lengths to various degrees. In 
d lecture, Prof Newall dwelt particularly on 
the to stud ~ — sun — the —~' 
spectro-heliograph in light of particular wave-lengths. 
wt ponent moved across the sun, an image 
of the whole sun was built up of many chords or narrow 
strips taken successively. rticular lines chosen 
were the K-lines of calcium and hydrogen lines (H a 
red, H y blue). Careful examination of the photogra; 
obtained revealed strong differences, when the lights 
(in which the photogra were taken) differed only 
little in wave-length, and the raphs s an 
enormous complexity of the structure, accounting for the 
apparently contradictory statements of earlier observers. 
apours of calcium and hydrogen and other substances 
were moving upward in some places, downward in others ; 
the instr ts and meth allowed us to dist 
layers from different altitudes of the solar atmosphere ; 
as the va ascended they spread out in m 
ey a ile the gas Pee mgt diminished, and the lines 
from the uppermost layers might a) complementary 
to those from intermediate layers. But the information 
from the centre and from the edge of the sun finally led 
to the same conclusions. The gas pressure id be 
ju from the breadth of the lines which increased 
with the pressure. By ing phs of the same 
part of the disc at intervals of a few minutes, Hale had 
obtained stereoscopic effects, and his 
showed that sun spots were surrounded by enormous 
vortices, clockwise and anti-clockwise on rent 
of the equator, and that the sun as a whole was a magnet 
like the earth, whilst the dissociated ions (at 5,000 deg. 
or 6,000 deg. C.) of the vortices would set up powerful 
loca] magnetic fields. With the aid of his velocity recorder 
Deslandres had obtained another type of 
of the solar disc on each of which thousands 
and their displacements and reversals could be studied. 
Working in similar ways, St. John (at Mount Wilson 
Sa concl 5 ~ the Kg line ; ran 
vapour showed in general a rising movement, 
a Seecstin movement, in addition to lateral move- 
ments ; but essor Newall did not accept that inter- 
pretation. Evershed, at Kodaikanal had recently observed 
that sun-spot lines were always slightly dis with 
respect to the same lines in neighbourhood, and that 
the actual displacement depended upon the direction of 
the slit (of his SS respect to the centre of 
the disc ; there was no on a spot at the solar centre. 
Attention was also drawn to the 
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THE MANCHESTER STEAM USERS’ 
ASSOCIATION. 


Tax annual meeting of this Association was held 
at the office, 9, Mount Street, Manchester, on Tuesday, 
June 4, the npn - ome Lee, see te the 

The report sta that, compared wit e 

ber of boilers under i ion showed an 
increase of 348, and the income from all sources amounted 
to 24,5331. 7s. 3d., the highest yet recorded. The net 

us for the year was 9131. 6s. ld. 

e gross total of boiler examinations in 1917 was 
22,275. Of these, 11,206 were “internal,” “‘ flue,” and 
“entire,” the highest number hitherto reached in one 
year. The main object which the pioneers of the Associa- 
tion had in view was the prevention of boiler explosions 
and the saving of life and property by the systematic 
and thorough inspection of the boilers, and the committee 
continued to keep this rinciple first and foremost in the 
essentials of the Association’s activities. No explosion 
had occurred from any boiler under inspection and 

tee during the year, and no life had ever been 
fost from any cause which the Association could or ought 
“= "Ab bone t dealing with the inspection of 

the de men ing wi © inspection — 
boilers and working plant, the service rendered during 
1917 had been in many instances of special advantage 
to the members concerned. First inspections were made 
of nearly 700 boilers and pressure vessels, in addition 
to steam-pipe ranges. About 7 per cent. of the boilers 
required structural strengthening to render them fit for 
work, or were unsuited for the ar intended. 

The proportion of second-hand boilers examined before 

Rad again been large, and some of these had 
Se quite unsuitable for the uirements for 
which they were submitted, although offered at very 
high prices. In such cases intending purchasers had 
seen the wisdom of consulting experts before purchasing. 

The wave of boiler mishaps mentioned in the last 
annual rt seemed to have i away. It was 
attributed to the employment of inexperienced firemen 

to the exigencies of the war, but further experience 
and the fact that the men have come in contact with the 





Association’s inspectors when examining the boilers, | 


and had had the opportunity of receiving advice, had 
led to their giving more intelligent and vigilant attention 
to their duties. 

The report stated that the ‘“‘record of boiler explosions 
for 1917 outside the Association’s ranks, showed an 
extraordinary falling off, difficult to explain. The 
employment of inexperienced or careless men in charge of 
boilers would naturally have led to the expectation that 
the number of explosions would have increased, but the 
contrary appeared to have been the case. Since the date 
of the last compilation, the Association had received 
only five orts of inquiries by the Board of Trade 
ender the Boiler Explosions Acts. Those referred to 
three explosions ‘‘proper,’’ by which two persons were 
killed and six injured; and two “ miscellaneous ”’ explo- 
sions, killing two persons and injuring one other. Of the 
five Board of Trade reports issued on these explosions, 
two dealt with formal investigations, towards the cost of 
which the parties found in default were ordered to pay 
to the Board of Trade sums varying from 10/1. to 2001., 
and amounting in all to 3801. As the last report to hand 
referred to an explosion which occurred in October, there 
might be others to add when the complete Board of 
Trade returns for the year were published.” 

The chairman, in moving the adoption of the report, 
referred to its generally satisfactory character. The 
difficulties during the progress of the war had been very 

reat, and, if ible, had increased during the year, 
ut the Association had successfully maintained the 
efficiency of its inspections with gratifying results, and 
thanks were due to the efficient staff for their energy 
and the faithful service they had rendered. The original 
object of the formation of the Association 64 years ago, 
viz., the safe working of steam boilers by efficient 
inspection, was kept constantly in view, and not only 
was the question of safety dealt with as the main guiding 
rinciple, but also efficiency and economy in working. 
© Association’s work was an educational one for the 
boiler attendants and of considerable commercial value 
to the steam user. The cost of the inspection of a boiler 
was but a small item compared with the possible financial 
gain in savi effected. ; : 

Inattention to boilers by negligent or inexperienced 
stokers had been again the cause of what might be 
termed minor accidents during the war, but, as stated 
in the report, these had been less during the past year. 

The subject of h in various direction was a 
branch of the Association’s work which, the chairman 
said, he would like to see greatly extended. Especially 
did he think that as soon as opportunity offered, they 
ought to make practical investigations in problems to 
secure further efficiency and economy in the use of 
existing plant on a more extended e than hitherto. 
Some very useful work, however, had been done, and 





the commonly used mild steel. If ptosis: steel could 
be used, then the dimensions of bolts and nuts could be 
reduced 30 per cent. or more, but high-tenacity steel 
could only be used if bolts and nuts were designed on 
theoretically correct lines. The work on which the chief 
engineer had been was of the same nature as 
that done by the mathematician Navier. Both 
principles were ew the same, but the one was 
applied to whereas the chief engineer’s was applied 
toscrews. It was well known that guns had been improved 
from an effective range of 500 yards for our own 
65-pounders to the wonderful results obtained from the 
latest gun which has a range of 70 to 80 miles, or 110,000 
to 140,000 yards. This advance was due to the application 
of correct principles of construction, whereby the 
use of high-tenacity steel had been made possible. The 
samé principle applied to bolts and nuts would effect a 
similar, a more peaceful, and, therefore, a more useful, 
revolution with regard to them. 

Dr. Edward Hopkinson seconded the motion for the 
adoption of the report, and said the war had thrown 
considerably more work upon the staff, but had added 
to the Association’s influence. The t number of 
munition factories set up with great rapidity all over the 
country were all dependent u power for their working, 
and this had necessitated the installation of boilers in 
most instances very hurriedly. This had meant second- 
hand boilers, and it was imperative that ial care 
should be given to thé inspection of the boilers to see 
that they were of suitable strength for the purpose, 
and also to the instruction of the attendants. In this 
respect, the Association had done useful work during 
the year. If this country was ever to recover economically, 
it could only be by an enormous increase of its productive 
ee and that must be accompanied by, and be very 
argely nen upon, an increase of motive power. 
It was well known that the = (horse-power) available 
: the United States per head of the population was 





several times as great as that available in the United 
Kingdom, so that undoubtedly after the war, when the 
| process of reconstruction set in, there would be a very 
| great increase in the installation of power. In design and 
research in connection with this power of production, 
|and in the expansion of it, the Association would in the 
future have a great part to play. 
| The motion for the adoption of the report was then 
put to the meeting, and carried. 
| Captain Provan, of the Mechanical Transport Depart- 
ment (War Department), pro a resolution thankin, 
the committee for their services for the past year, an 
roposing their re-appointment for the coming year. 
Be referred to the increased use of steam as against 
| petrol-propelled vehicles, and said that as regarded 
economy, there was no comparison whatever, steam 
having the advantage by five to one. This would, he 
thought, have an important bearing after the war. The 
resolution was put to the meeting and carried. 





| Crna: MacHINERY AND ENGINEERING SiTUATION.— 
The d d for machinery and engineering supplies in 
| China is considerably in excess of the supply that can be 
, obtained from the various manufacturing countries, says 
|The Shanghai Chamber of Commerce Journal. There 
are many orders ready to be placed, but withheld owing 
to the fact that the buyers are discouraged by the present 
high prices and uncertain deliveries. Not only are large 
peg enna 5 such as railways, deferring purchases in 
the hope of better times, but many industria] proposals 
are indefinitely shelved for the same reason. Ko doubt 
|in quite a number of cases buyers are so discouraged that 
| inquiries never reach foreign 8, but there is a sufficient 
| number of proposals coming before merchants to prove 
[she buoyancy of the demand. Interest is still main- 
tained in cotton spinning and weaving mills, flour mills 
| electric lighting plants, metallurgical plants, and a host 
of smaller applications of an engineering nature. In 
many cases machinery costs from 100 per cent. to 150 per 
cent. more than before the war. Some materials have 
risen to an even greater extent, notably steel for ship- 
building. The rise in prices is, of course, a natural and 
inevitable outcome of the war, and can safely be expected 
to continue until peace is declared. As far as China is 
concerned, this rise in price is offset to a considerable 
extent by the present highexchange. On the other hand, 
exchange has not remained steady during the year, and 
whatever the general level may be, such violent fluctua- 
tions will always act as a bar to trade. Of the other 
elements making up the landed cost of the goods, freight 
is the most important. During 1917 freights from 
Great Britain rose steadily, but not very rapidly. As 
regards the United States, opportunities of shipment 
via Panama are not frequent, and practically omsegies 
is coming by rail to the Pacific Coast. Through freight 
from the Eastern States to China rose sharply, but not 
steadily, during 1917, and all through the year it was 
almost impossible to work out freights in advance, as the 
market seemed to vary from day to day, and the greatest 
uncertainty existed, not only as regards the ocean freight 








many problems in boiler construction, to still 
further safety and efficiency, awaited the opportunity 
of the chief engineer and his staff when the pressure of 
war work was relaxed. A se me the chief engineer 
had been investigating was in connection with the dis- 
tribution of stresses in bolts and nuts, and the subject 
being a new one, it might be summarised as follows :— 
Engineers had, in the past, been tent to that 
the stresses in bolts and nuts are uniformly distributed 
amongst the interlocking threads. The assumption was 
fairly correct when bolts and nuts were made of plastic 
materials like iron, mild steel, copper, or brass. But this 
assumption was not strictly true, and as long as the 
assumption of uniform distribution was to as 

correct, further propre was barred, more particu 
larly as regards the substitution of high-tenacity steel for 





the Pacific, but also as regards railway rates in the 
United States. <A further difficulty in connection with 
these shipments was the congestion at all Pacific ports. 
There are not a few cases where goods have remained on 
the coast awaiting tonnage for five or six months. The 
difficulty of obtaining supplies from the United Kingdom 
remained practically unaltered during 1917. At the 
beginning of 1917 the United States were not at war, 
but since they have joined the Allies, licence re tions 
for manufacturing and for export have been rigorously 


it was not much easier to obtain goods from America 
than from the United Kingdom. It is also a noteworthy 





articles purchased ir the United States. 








enforced. The result was that at the close of the year | and the plain meaning of a few n 


fact that such goods as could be obtained from the are being more widely used, several hund 
British Isles were considerably lower in price than similar adaptations of powers ranging from 0-5 h.p. to 450 h.p. 


CATALOGUES. 
Steam Jointing.—A catalogue of black sheet 


le of wi 
ressure and superheat wi ing, 
lowing out, comes from the Powerite Steam Join‘ 
Company, Limited, Oakamoor, North Staffordshire, an 
8, Brabant-court, Fenchurch-street, London. It is sold 
by weight, all thicknesses at the same price per pound. 
A cheaper material for cold-water joints, i tion, &c., 
is also produced. 


Steam Fittings.—A series of fittings most in demand 
at present are illustrated and briefly / aster ae in a folder 
catalogue issued by Messrs. Holden and Brooke, Limited, 
West Gorton, Sieethocsen: These include injectors, 
—_ rs, water moments boiler-feed te pone steam 
and vacuum traps, oil separators, centri 1 pumps, &c. 
Complete catalogues of any of these are also supplied on 
request. All these are substantially made in a full 


range of sizes and ready to put into service. 


Hydraulic Machinery.—Hydraulic pressure machines 
have come into larger use during the war, production 
being very much diverted from standard industrial 
types to special metal pressing, tube drawing and wood 

ressing types for munition work. The Hydraulic 
gineering Company, Limited, London and Chester, 
send a catalogue which has been specially prepared for 
circulation abroad. Cotton-baling presses are shown in 
several forms ; a veneering press with a series of steam- 
heated plates ; dock, roof and jetty cranes; capstans ; 
an automatic injector for fire omnes: and an 
intensifier for giving the main part of the stroke at low 
pressure and finishing part at high pressure. The 
pumps are al] of the single-acting ram type, with three or 
six rams producing working pressure per square inch 
of 250 Ib. to 3 tons. Several pages of useful hydraulic 
memoranda are added. 


Electric Current Transformers.—Static transformers, 
for normal pressures below and above 10,000 volts, 
are very fully described in a catalogue received from the 
Brush Electrical Engineering Company, Limited, Falcon 
Works, Loughborough. The specification gives clear 
and precise particulars of the core, windings, clamping, 
terminals and tanks, both as to materials and con- 
struction. The design is for a temperature rise, after 
continuous operation at full load, of 45 deg. or 50 deg. C. 
Designs for lower rises are available if required. h 
transformer is tested at full load for temperature rise 
and also to find the values of copper loss and impedance 
volts, iron loss and magnetising current, and voltage 
ratio. Efficiencies are guaranteed to within 0-05 per 
cent. of the values specified. A tabular statement is 
given of overall sizes of 21 three-phase transformers. 


Marine Turbine Gear.—The Power Plant Company, 
Limited, West Drayton, Middlesex, send a special 
catalogue showing drawings and specification of a new 
gearing unit for fitting on Sessa ship. The large wheel, 
for coupling to the propeller shaft, is driven by two 
compound wheels, which in turn are driven by steam 
turbines. A turbine speed of 3,000 r.p.m. is thus 
reduced to a propeller speed of 70 r.p.m. or from 44 to 1. 
The smallest pinion has 25 teeth. The design allows 
mesg? compactness and rigidity. Each gear and bearing 

its own supply of oil, and the bearing covers are 4ll 
removable without undoing the main casing. Twenty 
sets are under construction, and the firm supply com- 
plete units, cut gears without housing, or licences to 
manufacture the whole or part of the mechanism to their 
vatented design. 


Works Canteens.—For many years cooking appliances 
have been made on a large scale by engineering firms, 
but the chief buyers were Boards of Guardians and 
hospital governors—and these institutions have long 
been foremost in cooking. It now seems that the 
workman is to be as well fed in the useful as in the other 

riods of his life. A rye catalogue from the 

ichmond Gas Stove. and Meter Company, Limited, 
Warrington, shows a complete range of ovens, steamers, 
boilers, hot plates, &c., and out of a list of 40 buyers 
of these kitchen equipments all but one or two are 
engineering firms. There is no attempt in the catalogue 
to offer cheap makeshifts ; everything is substantially 
made, of the most suitable materials and best finish. 
This implies that, as a matter of course, the cooking 
department is being made a permanent addition to the 
many works departments. t the employer is willing 
to%pay the cost is taken for granted all] round. 


Electric Motors.—Those who are | age in electric 
motors are not always learned in peculiarities of 
different types of that machine, and the electrical engineer 
has not always been quite loyal to the use of plain 
English words. Catalogues of electrical machinery are 
chiefly addressed to men of fair general mechanical 
knowledge, who, however, are often baffled and irritated 
by the foreign terminology of electricians. There is a 
general tendency nowadays to break away from this 
style and to recognise that a man who has anything to say 
or to sell may strive to make himself com sible 
without loss of dignity. A catalogue of British 
Thomson-Houston Company, Limited, Rugby, dealing 
with two and three-phase induction motors sets a good 
example with a page or two of preface oapinining the 
induction motor, the special qualities of the squirrel cage 
andslip-ring varieties, the different methods of ventilation 

terms. This 
is followed by complete technical ind ormation and 
measurements. These motors, for alternatin ——. 

eren 


tog high 


or 


being fully listed in the catalogue. 
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114,607. s. 8S. cross tra’ slid 27 and 2), actuated there 
“ENGINEERING ” ILLUSTRATED PATENT | interast-Combustion Baz Gry) Pip.) January 1, 1 108. | by the well-known scsow-ond'nut mente opetabis by a hana 
This invention has reference to ‘in atied ion engines of | Ww 28. In using the machine the mulling cutter is xed tn the 
RECORD. the type in which the cylinders are made of tight astal cad cast | cad of the spindle’ 7, and the plece to be sorew-threaded Is 
a@ liner of a more durable and wear resisting metal. | mounted on work spindle 1 The a. 19 is engaged with 


SELEOTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE AOT OF 1907. 


The number of views given in the Specification Drawings is stated 
eee: whee mone to montened the Apestfention to net 


Where inventions are communicated from abroad, the Names, £c. 
of the Communicators are given in italics. 
ees a ee eee 
Buildings, Chancery-lane, W.C., at 


advertisement f of 
ios on nous ‘atent O; of opposition to the grant of a 
‘atent on any gr menti in the Act. 
ELECTRICAL APPARATUS. 
114,437. nd P. Fletcher, Electric 


Finchley, London. 
Stov (2 Figs.) May 7, 1917.—The invention 

relates to that kind of ‘electric stove wherein hot plates movable 
vertically are arranged in corresponding holes in the hob or main 
a 1 is the hot-plate containing the heating element within 
eens chamber 2,and 3isthe hob. 4, 4; are lugs on the hot- 
1, by means of which the hot-plate is so sustained that it 
Permelly oe above the surface of the hob, but may be 
depressed by a utensil placed upon it. ..5, 5, are pins screwed 
into the lower surface of the hob and which pass through orifices 
in the lugs 4. These pins are embraced by helical a 6, 6, 
a ends, 


the upper ends of which bear upon the lugs and the 
8, 8, 


of which bear upon the winged nuts 7, 7. are he 








nuts placed on the upper side of the lugs between which latter 
and the nuts spring washers may be p . The action is as 
= ang When a utensil sufficiently large to more than cover 
the hot-plate is placed thereover, the Leag ey is depressed and 
the weight of the utensil is borne mainly by the hob whilst the 
hot-plate is pressed upwards, against the bottom of the said 
utensil, by the springs 6. Adjustment of the pressure of these 
— is effected by the screwing up or down of the nuts. If 
t msil be smaller than the hot-plate its weight may be oe 
entirely borne by the hot-plate or partly borne by the hot- 
and partly by the hob, ) whether the utensil is 
centrally with respect to the plate or so as to overlap a part 
of the hob. (Accepted April 17, 1918.) 


GAS ae PRODUCERS, HOLDERS, &c. 


114,357. Cc. Pullin, Barnes, London. Internal- 
Combustion ugions. (3 Figs.) May 3, 1917.—This invention 
— to an improved method of operating an internal-combustion 

mgine. The means which constitutes the important feature of 
invention is the withdrawal of some of the air from the 
cylinder on the compression stroke, by means of a 
through the piston E and the gudgeon-pin H which communicates 
with one of several separate ports I for the purpose in the cylinder 
wall; the opening of these ports may be controlled externally by 
a suitable valve according to the amount of air, gas and com- 
pression needed for the particular power or speed required at the 
moment. Owing to the varying obliquity of the com ay hye 
the angular — of the Ag m-pin H in relation to the air 
passage F through the fi continually s; the said 
passage may be closed ther on the firing stroke by turning 
the passage openings out et register, but may be open on the 
compression stroke ; the cylinder-wall ports I may open for 
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a J myo or less part of the stroke, de upon the position 
of the fuel control valve of the engine and eomequenty of the 
air-release valve externally contr the x, the 
en wall, the throttle valve and the Pn ve being 

terconnected in order to achieve this result. It should be 
ano that the cylinder by — T og-ong are only operative 
when the gudgeon-pin to them. Preferably 
the alr-release valve may be piston 


the’ wget 
valve K, and since the air and fue’ uired are y pro- 
portional, the connection of the release valve {o the fac valve 
may be by any suitable means givi rectly ionate 
ae of one to the other. ‘Ss of wo-stroke 


meine, moe means aS ietive air to the cylinder is to 
Ceisaeirekes uivering a valve d, to transfer it 
therefrom by thi piutse Bop ta pod “cto 2 por G in the : ti “py 
e TO a’ same time as an 

exhaust port B in order that's ¥ 


a complete scavenging action ma 
place at all speeds. (Accepted April 10, 1918.) 4 





ae to this aoe —_ 4. formed in one = more 
leces by a pressing, stamping or forging process or by com- 
Binations of two or more of such operations and subsequently 





machined. The drawing illustrates 
invention to the water-jacketed c under of an internal- 
combustion engine. The chief merit of the invention lies in 
the fact that the steel liner 3 is fashioned or formed by a pressi: 
stamping or forging process so as to extend to and com y 
line the whole of the interior of the bustion ch 4, 
irrespective of the shape of the latter and, moreover, in such a 
manner as to provide steel seatings 5 for the valves. (Accepted 
April 17, 1918.) 


application of the 





HYDRAULIC MACHINERY, 


114,504. The Hydraulic we meme y, Limited, 
Chester, and R. Calvert, Westminster, Stuffing- 
Box e @ Figs.) April 30, 1917. —The invention relates 
to a method of automatically regulating the pressure of the 
packing in a stuffing-box of a hydraulic ocumnaiator or like 
cylinder, and consists in subjecting the gland to external fluid 


ressure higher than the internal pressure to which it orits 
8 sub: a is a cylindrical yar wee ty of the gland 5; it is 
of tly increased cross-section at its end whic 


works as an 
ann piston in a cylindrical cavity c in a crosshead d. The 
latter is connected with the stuffing-box e by screw bolts (in this 





case six) extending with some play through the eouibeit and the 


flanges of the gland and the stuffi ing- ~-box. my me 

these bolts, serve for applying initial pressure to gland a 
other nuts ’ serve for li ing the gland when t! Fagg mg i req 
attention. The cavity c communicates with the hoatuulie 
cylinder through passage & so that pressure is exerted on the 
end of cylindrical extension a, a tight joint being made by an 
annular cup leather 7. Since the area subject to pressure in 
cavity ¢ exceeds that in the stuffing-box, the external pressure 
on the oe eye ng will exceed the pressure on it exerted ‘iirectly 
from within the hydraulic cylinder. (Accepted April 17, 1918.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


114,352. W. H. Pick, Leicester. Thread- 2 
Machines. (4 Figs.) April 25, 1917.—This invention relates 
to screw-cutting or thread-milling machines. The thread-milling 
machine comprises a bed 1 mounted upon a stand, and the bed- 
supporting headstocks 3 and 4. The headstock 3 is slidable 
along a guide 5 on the bed and is secured in position after — 
ment b - bolt 6. The headstock 3 supports a cutter spindle 7 
driven si liey 8. The headstock 4 carries a work spindle 10 
which is Lot rotatable and movable axially in the bearings 11. 
Conveniently the rotary movement is imparted by means of two 
sets of worm gears from pulleys 12. The worm 13 (Fig. 2) drives 


, working on 
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a@ worm wheel 14 (Fig. 1) on the spindle 15 of which is a second 
worm 16 which drives a worm wheel 17 ( 1 and 2) fast on the 


Figs. 
work spindle 10. The spindle 10 is freely slidable through the | } 


bearings 11, and for imparting the axial movement it carries a 
c y screw thread 18 adap aed toy copenes Oy © Saeae ae 2 
1 and 2) attached to a hinged arm 20. The cop 


thread 18 is of the same pp ing be tak on ths 
work. The copy t referabl re upon a sleeve or 
a take coe te smen = 5 10 so as to be 


ing tl of different pitches. 
Likewise the ae nut 19 is removable from the arm 20 for 
the same purpose. k 10 is ted to move along 





the copy thread 18, ee ae being in the normal position 
The cutter 7 being started, the work spindle is moved 
forward to feed the work into contact with cutter until the proper 
ar of cut is obtained, wherew the rotation of the work 

ndle is started during which = traversed 
by the copy thread, thus giving the co pitch to the screw 
thread being cut, a complete thread being formed in one revolu- 
tion of the work. After cutting the threads, the work spindle 
is withdrawn and its rotation sto . whereupon the work 
may be removed, and by lifting the nut the spindle may be 
returned to the starting position, and is ready to receive another 
piece of work. yom ang April 10, 1918.) 


114,375. J. McN 
Machine Tools. (2 Tie. 
for its object to provide in 
as slotting and milli 


Park, Glasgow. Hea’ 
) July 5, 1917.—The invention has 
connection with machine tools, such 
machines, hydraulic “relia presses and 


the like dealing with ~ | work, means for the work 
table of all or any desi portion of the we J of the work. 

In out the invention, there is provided 

of the table A, which is rotatable in ustal manner on <> sek + 





a central recess C to receive a circular bolster D, which enters 


a counterpart recess E in ee ae >. Beneath the bolster D 
and between it and the platen a series of Bellville 
washers G, the spring effort of ‘which ‘s ient either to entirely 


overcome the load due to the weight of the work upon the table A, 
or to so far do so that the table may readily be rotated upon the 
aay The springs are, of course, not of sufficient intensity to 

dog due to the operation of the press. (Accepted 
april 10, 1918.) 


MINING, METALLURGY AND METAL WORKING. 
ye — J. Mellersh-Jackson, London (Ch. M. Stein 
France Hot-Blast ) 


). 3 
March 24, Aott "—It has been amply demonstrated | Ghat 
consumption of the fuel in a blast furnace is, all my 


in r 

tuyeres is hotter, 

is, spemnerete limited by the & temperature to which the chec 
work of the stoves of r or Whitwell type employed at 
the present day can be The blast-furnace gas or any 
other gas coming either from gas producers or from coke ovens 


7. 
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RAILWAYS AND pres gaye ote 


Pe. ~~ ae A. Spencer, 3817 -Thhinventin 
lournals. (4 Figs.) November aes 1917.— 
sy tor its object improvements 
journals of rail 


way axles and‘ the oie Tae 

principally in providing, in addition to 

receptacle 5a in the lower 

reservoir or 2 in the 

diately above be pennies brass on 
le be n communication 

and having sui bie holes 

le, through a pump d 

flows or d 

one embodiment of 
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outside of the axle-box and connected thereto at its lower end. 
The suction 7 is provided in a part of, or connected to, 
the lower end of the pump barrel 6 at right angles or at approxi- 
mately t angles bo the barrel, which may extend as 
parallel with the side of the axle box. At the outer end of the 
suction passage 7 the suction valve 8 of the pump is provided ; 
leading out of the side of the pump barrel is the oil delivery port 9, 
which communicates at its outer end with a valve chamber 10 
in which is the discharge valve 11. An oil delivery,pipe or 
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ym 15 leads from the chamber 10 into the top of the axle-box 
end of which pipe is in communication with a port thro the 
top of the axle-box, which port leads into an oil receptacle in the 
upper part of the axle-box, and oil outlet holes are provided in 

bottom of the said receptacle so that the oil can pass therefrom 
and through other holes in the bearing brasses to the journal of 
the axle. The Capes end of the pump plunger 20 is operatively 
connected by a rod 25 to the underframe of the vehicle 31. 
(Accepted April 10, 1914.) 


114,102, J. Robbins, Westminster. Permanent Way. 
ql .) August 7, 1917.—This invention relates to railways 
in which the ordinary wooden sleepers are dispensed with and 
the chairs are supported upon some material liable to become 
disintegrated by the vibration to which it is subjected under 
traffie such, for instance, as concrete, and has for its object to 
provide improved means comprising packing material which will 
efficiently absorb or counteract such vibration and prevent its 

ing t itted to the te. According to this invention, 





weer’ 


there is introduced between the chairs and the concrete a packing 
of fibrous material in rope-like, corded, coiled, twisted, or inter- 
twined form, together with plastic cement of such character that, 
whilst it is water-resistant, it is not liable to become hard, or 
friable. A sleeper A is shown rec at a. In this recess a 
is introduced the packing, consisting of a combination of fibrous 
material, in an aforesaid form, and a water-resistant plastic 
cement not liable to become hard, or friable. Upon this packing 
the chair B is placed. (Acc*pted March 27, 1918.) 


114,522. T. F. Craddock, London (Burn and Co., Limited, 
Howrah, Bengal, British India). Axle Boxes. (5 Figs.) 
May 24, 1917.—This invention consists in improved means for 
effecting lubrication of the journals of axles in the axle-boxes 
of railway and tramway rolling-stock. According to this inven- 
tion, there is mounted in the axle-box, what is referred to as an 
“adapter plate ” A, which is made so that it forms spaces a for 


fibrous material D to support it in contact with the 
jour: and also forms below it, in the axle-box, spaces or 
pockets B alternating with the spaces above for the fibrous 
material, the spaces <a B containing reserve oil, which, 
as the oil becomes up from the fibrous material will pass 


maximum saturation limit of the fibrous material can be carried 
without loss, and from which such oil will, by the cap’ 
attraction of the fibrous material, maintain the said material, 
in a state of saturation, and after all the reserve oil is exhausted 
the fibrous material will still be in a condition to afford efficient 
lubrication for a considerable time. The adapter plate A can be 
inserted ey an —s C (provided with a cover) in the 
front part of the axle-box and the adapter plate preferably has 
sufficient outward spring to exert enough pressure on the walls 
of the box to retain the adapter plate in position. (Accepted 
April 17, 1918.) 


105,241. D. H. eee, Golconda, U.S.A. Railway 
Rail Chairs. (4 Figs.) ch 28, 1916.—The improved chair 
comprises a baseplate 3 formed with a channel for reception 
of the lower ball of a double ball rail 1, one side 7 of the channel 
being extended or continued upwards to lie against the web of the 
rail to serve as a fishplate, and a separate complementing fish- 
plate 14 applied to the opposite side of the rail web and having a 
depending so portion 16 insertible into the channel to secure 
the rail base. Brace members are also associated with the fish- 
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plate members, and secured as hereinafter described. The chair 
rests upon the underlying ties 4 is provided adjacent one edge 
with spike openings through which spikes 6 are driven into the 
ties. tegral with the upper of the side 7 of the channel 
is an inclined brace 11, having its lower edge provided with spike 
openings through which spikes 13 are driven into the ties. 
Inte with the fishplate 14 is an arcivate brace 15, the lower 
edge of which rests upon the baseplate 3 adjacent the spikes 6. 
(Accepted April 17, 1918.) 

114,578. P. Dawson, F. W. Fawdry, and H. W. H. 
Richards, London. Electric Trolley ires. (3 Figs.) 
September 24, 1917.—This invention relates to an improved 
supporting device for overhead trolley wires. The invention 
consists in a trolley wire supporting device having in combination 
a bracket member D, means for clamping said member to two 
dropper wires E, a gland in the bracket member having outwardly- 
flaring or chamfered ends, a headed rod or plunger C whose head 
is supported by the sides of the gland, and a clip device B attached 

















1a 678) 


to the plunger for securing the same to the trolley wire A. The 
bracket D is preferably split as shown in Fig. 3, and is secured 
to the dropper wires by bolts F which cramp up the bracket 
parts upon the wires E which pass down the spaces G. The 
central part of the bracket is formed with a circular hole or gland 
the sides of which are chamfered, as shown in Fig. 1, to allow 
a certain amount of swing in any direction to the plunger C, 
terminates in an eye, through which passes a bolt H, said bolt 
locking the clip jaws B firmly into contact with the trolley wire A 
and shank of the plunger C. (Accepted April 17, 1918.) 


SHIPS AND NAUTICAL APPLIANCES, 

114,536. The B. R. Vickers (Leeds) Engineering Com- 
y, Limited, Leeds, and A. J. Lebeda, Leeds. Stern 
bes. (6 Figs.) June 21, 1917.—This invention, which 
relates to oil-retaining stern tubes, consists in making provision 
whereby, while the oil supply may be retained within the stern 
tube, water can be circulated for the purpose of cooling bearing 
rts which become heated. In Fig. 1, A designates a tail shaft, 

a stern tube, fitted with an oil-supply pipe C, an air pipe D and 
adrain pipe E. The stern tube B is fitted with bushes, and at its 
ends with oil-retaining king devices F, Fl. In the aft end of 
the stern tube B a cylindrical bore is formed, into which a bearing 
bush G is inserted, the forward end of this bush may abut against 


Fig.t. 


10a336) 


a shoulder in the bore, or the aft end of the bush may be flanged, 
or, as shown, both arrangements may be adopted. At the 
forward end of the stern tube the stuffing-box and gland F are 
rovided, and aft thereof the tube is bored to receive a bearing 
ush H. The exterior of each of the bushes G, H,is formed with 
— portions, which fit against the surface of the bore in 
stern tube B, of sufficient area to afford the support necessary 

for the bush to act as a bearing for the shaft A, and recesses are 
formed between the periphe: rtions, which in conjunction 
with the interior of the bore in the stern tube, when the bush is 
inserted, produce a series of compartments. The adjacent 








oe rations in t te A or 


r pla’ . The spaces 
constitute a reservoir in which oil in excess of the 


; through or past the periphe 


compartments communicate by means of passages extending 
portions, the communications 


being such that water admitted to one i 
succession pass into the next, and so on throughout the w: 
series. The peripheral portions consist of two longitudinal 
ribs J associated with transverse circular ribs J1, and the bushes 
are inserted so that the longitudinal ribs J lie at the sides midway 
between the top and bottom of the bore. A supply pipe K is 
connected with the compartment, thus formed the forward 
lower end of each bush, and water admitted thereto is free te 
pass in succession through the compartments until the com- 

ment at the aft lower end is reached, and from there pass 
nto the aft upper end compartment and then in succession until 
the forward upper end compartment is reached, and from there 
into a discharge pipe Kl. (Accepted April 17, 1918.) 


TEXTILE MACHINERY. 


114,239. O.W. Porritt, Helmshore. Shuttles. 
May 29, 1917.—This invention relates to shuttles such as are 
employed in weaving heavy woollen goods. The shuttle A is of 
or y construction or with the wheels or rollers B mounted 
on elastic or resilient bearings. According to this inven 
the shuttle A is constructed with a hole or aperture a in the w: 
of the shuttle and with a bracket D fitted to it at or near the 
front and opposite to the aperture a. 


3 Figs.) 


The eye is formed inftwo 
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cylindrical parts d, dl, one of which is fitted into a hole or socket 
in the bracket D and the other into the aperture a in the wall of 
the shuttle. A spiral spring d2 in compression is inserted between 
the two parts d, dl of the eye to retain them in ition. The 
thread from the cop in the shuttle is passed through the two parts 
of the eye d, dl, and through the spring which holds them in 
ition. By compressing the spring the parts of the eye may 
me and replaced when required. (Accepted April 4, 
8. 


114,393. W. M. Angus, Newcastle-on-Tyne, and¥G. 
Lunney, Bentham. Warp-Delivering Mechanism. (2 Figs.) 
September 19, 1917.—This invention relates to looms, more 
SS those adapted for weaving coarse counts, of the type 

n which the yarn is passed over gripping rollers rotated from a 
going part of the loom. According to the present invention, the 
warp passes over the surface of three rollers, all of which are geared 

ther. In co uence, each roller is positively driven. The 
erent ends of the oa warp yarn A are carried through 
a reed B, round shafts C and D, through gripping delivery rollers 

E, F and G, the yarn being gripped between rollers F and E, 
and F and G, round tension roller H, and so direct to the healds. 
The roller F is preferably faced with indiarubber. In order that 
the rollers F, E and G may deliver the yarn at the speed required 
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by the thickness of weft being used and the number of picks per 
inch uired in the cloth, they are driven through eeestion 

m an oscillating shaft I which operates lever J, which, 
th link K, operates lever L which, in turn, operates link M 
and, through this, lever N (Fig. 2). This operates pawl O, which 
works on ratchet wheel P, which turns Q, which carries 
the worm R. This worm drives worm wheel 8 (Fig. 2), with 
which is compounded dri wheel on the shaft T, which, in turn, 
drives the geared inte: jate wheel on the shaft U. This 
intermediate wheel turns a geared wheel, which is keyed to the 
shaft V of the roller G, and causes it to revolve. Roller G at its 
opposite end is geared to rollers F and E (as shown in Fig. 2) 





so that all three rollers revolve in unison and deliver the yarn 
forward to the loom. (Accepted April 10, 1918.) 
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STEAM ENGINES 
DIESEL ENGINES 
CONDENSING PLANTS 
POWER INSTALLAT’NS 

Cole, Marchent & Morley, Ld. 


Bradford, Yorks. 
Displayed adet., May 31, p. 94. 
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WELLS’ WASTE-OIL FILTERS 


FITTED WITH PATENT 


OVER 
22,000 





SOLD. 


Me wos. 


SUPPLIED Tro THe PRINCIPAL GOVERNMENTS 

FOR THE NAVY, DOCKYARDS, MUNITION 

WORKS, &0., AND TO THE LEADING ELECTRIC 

LIGHT INSTALLATIONS, ENGINEERING 

WORKS. GAS ENGINE MAKERS, PRINTERS, 
MOTOR GARAGES, &o., &o. 

MONEY SAVERS to any USERS of MACHINERY. 


Pay Grst cect ins. shart Gane, 0 Getied of. wiles hae 
hitherto thrown away, can be filtered and 
need again and again. 


WRITE FOR LIGT OF TESTIMONIALS AND SAMPLES 
OF WORK DONE BY THE FILTER. 


Mews co wrens Win ty Sin 
Two gallons oil, 


ae + 
chambers hold ‘about 6 gallons 
Tr iin 


| Ned Two top chambers hold sbout 12 gallons oil, 
Min. by 16in. .. 

Two top chambers hold about %4 gallons oil, 
@in. by%in. .. ee 

















404 
116 6 
210 © 
310 


No. 1, 
No, 2 


No. & 
.. No @ 


Larger Sizes made to order ae Soong with 250 
to 500 Gallons Oi! per week. 


Prices subject to current rate of advance. 660 





A. C. WELLS & co.,’ 


asks LONDON, N.W.1 








THE ENGINEERING SUPPLIES CO., 


11, KI 


are in a positi 


BLACK & B 


NG STREET WEST, 
MANCHESTER, 


ion to offer prompt delivery of all 
descriptions of 


“ SIGHT=FEED” 


Putt, 
Ss 


Sa eat et 





RIGHT BOLTS, NUTS, 





WASHERS, . &c. 


6758 





METAL THREAD SCREWS, Bass & STEEL. 





BNQUIRIES SOLICITED. 





TELEPHONE ; 6878 CITY. 





SYPHONS. 







“— SQee tet 7 





















See our Advert, page 105, last week, 6211 
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Clydebank, N.B. 





aati Mi tit 



























CONSOLIDATED BRAKE & ENGINEERING 
COMPANY, LIMITED, ow 


15, DEAN'S xan. , WESTMINSTER, 8.W. 1. 
STANDARD ‘AUTOMATIC VACUUM BRAKE 
ay — Service & Emer Accelerators. 


an et pn aaah ge me $1. 
: Victoria 3987. 








"ROWRAN ITE” 


sie The Perfected Bituminous Paint 
ROBT. BOWRAN ® CO., Ltd., 











TRY 
ROWLAND’ “a 


LS 
emefuetts 






















so increases the 


marked economy 


over small pulleys that ‘slip’ 


HENDRY 


For Difficult 
.».... DRIVES 


—EVEN when alle other 
kinds of fiat belts have failed, . 
HENDRYS’ new patent Lamin- \y 
ated Leather BELTING grep. 
efficient and satisfactory service. \ 
Hendrys’ new patent construction \ 
flexibility and equality of Driving Grip 
is eliminated, and a 
in transmission of power is effected. 





i § FROM A SINGLE STRAND % } 
BELTING 


4, i. Nicholas’ Bidgs., Newoastte-upon-Tyne. 
r FO OT 





FOR QUARTER TWIST and all Special Drives, 
Henpvry Bevtina is a well proved success. 
Our experience is freely at the service of Beit 

users. Booklet "and prices on request. 


James Henpry 
252 Main St., Bridgeton 








































Pdegroms— 


eraseswe 47, Broan Sraeer, Mas 


MAVOR & OMe L°- 
GLASGOW. 





Tatar 
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ENGINEBRING: . 
<= 





HEAD OFFICE and WORKS:- -* 


GAINSBOROUGH, ENGLAND. 


LONDON DEPOT — 


79, Farringdon Road, B.C. 1 Ly ; 


INDIAN BRANCHES :— 
Calcutta, Bombay, Lahore, Madras. 


CANADIAN DEPOT :— 


© —— Saskatoon, Sask. 





MANUFACTURERS OF 


TRACTION ENGINES, 


Special types for 


Sri DIRECT-TRACTION PLOUGHING, 


COLONIAL TRANSPORT, and 
AGRICULTURAL SERVICES. 



































WAS 2. SPEA/CLA. Ae 


CRRA. ENOCANEERINV CG .§ WORKS 


PR AEEN CAA 
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The FOUR LEADING BRANDS of 
White Anti-Friction Metals. 


THE PHOSPHOR BRONZE CoO.,LTD., 
LONDON: SUMNER STREET, S.E. 1 


Telephones—HOP 4380 (lines, » LONDON. Telegrame—PHOSBRONZE, LONDON 


Telephones—EAST 334 (4 lines). Telegrams—PHOSPHOR, BIRMINGHAM. 








WRITE FOR FULL PARTICULARS TO 


Si 


BIRMINGHAM : CHESTER STREET, ASTON. 
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‘Fields, and Published by Cuarizs eet Jounson, at the Offices of 


‘e-in-the- 
Garden, both in the County of Middtesex.—PFriday, June lo 1918. 
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